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DiiriDg the last ami tlie procedias fiscal yeais there have beea received at tlie War 
Department, through the Departfuent of State, a series of papers contaiuius much 
valaahle information respecting the methods adopted by the military establi^ments 
of varions Enropeaa goTetamenta in carrying on their great national surveyB. These 
papers have been aent irom time to time to M^or ComstoGk, (at whose rec[uest they 
were obtained,) 'who haa had them translated, He has also compiled extracts of these 
papei's, which ■will, no donbt, be fonnd useful in the prosecution of the pnblic surveys 
of the United States. lExtractfrom the Annual Escort of the CM^ of Mitgineia-a, I87li.'\ 



Hosted by 



Google 



rEEFACE. 

^Numerous manuscripts, books, Jiad maps relating to European sur- 
veys were sent to me by the Engineer Department in 1875 and 1876, 
for examination and report. They were carefully looked over, abstracts 
■were made of sncli as were deemed most important, and these were, 
from time to time, forwarded to the Engineer Department for its use. 
SHbsec[aetttly, it was deemed advisable to print them, that their infor- 
mation might became more generally available. It shonld be remem- 
bered that they are mainly memoranda for those familiar with snch 
worls, derived from data at hand. Considered as accounta of surveys 
in different countries, they necessarily have many imperfections. 

O. B. G. 

Lake Suetby Office, Detroit, October 9, 1876. 
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OH APT RE 1". 

Lake auRVEY Office, 
Detroit, Mieh., Apnl 35, 1S76. 

Gbneeai.: a lurge amount of material relating to Earopeau geodetic 
and topograpliical surveys haa beon sent to me in the la.st six montlis 
for examination. Tliis material consists of pamplilets and mannscripta 
relating to organizations and methods used, and of maps showiug the 
results of the surveys. 

From the descriptions of organizations and methods I have selected 
snch as seemed of most interest to those concerned in such matters. I 
have had the maps examined as to their constractlon, eseeation, and 



Selections from the papers and notes upon the maps are annexed, 
giving a good deal of detail in reference to the surveys, and also photo- 
lithographs of some of the maps. 

Perhaps some general remarks upon them may not he out of place 

OEGANIZATIOHS. 

In Great Britain the survey is called the ordnance survey, and is 
carried on by officers of theroyal engineers, Lieutenant-General Sir Henry 
James having been for many years at its head. December 31, 187i, 
there were employed on it 19 officers of royal engineers; 4 compa- 
nies of royal engineers containing 121 non-commissioned officers, 243 
sappers and 8 buglers, 1,000 civil assistants of diflereut grades, and 44S 
laborers. 

In Pbtissia the trigonometrical, topographical, and chartographical 
work is intrusted to the staff corps of the army, while the geodetic work 
in connection with the " European measurement of degrees" is in charge 
of the Geodetic Institute, whose head is Lieut. Gen. J. J. Baeyer, In 
1875, 43 staff offlcers were employed on the survey, together with a 
large number of gunners, civil assistants, and laborers. 

In Austria, the survey of the Empire is intrusted to the Military 
Geographical Institute, an organization which has a general at its head 
and is under the war department. Its members are officers, military 
officials, civil assistants, non-commissioned officers, and workmen. In 
1875 it employed 1,5J58 persons, of whom 283 were army oflieers varying 
in rank from lieutenant to major-general, 

In Italy, the surveys, prior to 1873, were carried on by officers of 
the staff corps under the chief of staff j but then the survey was given 
a more independent organization under the title of " Military Topograph- 
ical Institute." Its present director is Major-General de Vecchi. 

In Si'AiN, the surveys are controlled by the Geographical Statistical 
Institute, with Major-General Ibauez at its head, and are largely carried 
on by offlcers of the army. In 1871 there were about thirty geodetic 
and topographical parties employed. 
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In SwiTZEBLAJSD, the surveys are under the direciiou of Oolouel Sieg- 
fried, ehief of staff of the army. 

In SwEDEjs^, the geodetic and topographic survey ia carried on by the 
officers of the general staff of the army. Its head is the chief of the to- 
pographical division, at present Colonel von Vegesack, 

In Russia, the military topographical corps is charged with surveys. 
Its organization is: 6 generals; 33 majors, lieutenant-colonels, and 
colonels; 150 cornets, lieutenants, and captains; 170 classed topogra- 
phers ; 236 topographers, of sergeant's rank ; 43 apprentices. 

The main divisions of the work of a European state survey are usually 
three, the triangulation, the topography, and the chartography. When 
it is practicable, the triangulation precedes the topography, and includes 
the primary, secondary, and tertiary triangulations aud their computa- 
tions. 

If the triangulation points thus determined are numerous, as in the 
Prussian surveys, additional triangulation by the topographer will not 
be needed; when, as in Austria, comparatively few points are deter- 
mined, the topographer will Lave to base on them a smaller triangulation 
for his detailed work. 

The topographers having been furnished with the positions of certain 
poiu ts with in the area to be covered by one of their topographical sheets, 
make a survey of that area, whose amount of detail will depend on the 
scale or object of the survey. Their work includes the determination 
of the required level-curves. 

The topographers' sheets go to the ehartographio division, whence 
they are either reproduced on the aame scale or reduced to a smaller 
scale, and the mai)s resulting from them are published. 



It is only within the present century that the methods of geodetic and 
topographic surveying for large areas have reached high precisiou. 
Previously the chief spur to the production of accurate maps was their 
necessity for military purposes. In some states progress beyond this 
need has scarcely been made as yet, and the maps give no more detail 
than is needed for the movement of troops ; in others, and notably in 
Great Britain and Germany, the 'progress in civilization, the needs of 
the government, and the dense population have required and have 
obtained the adoption of systems of topographical survey aud publica- 
tion, which are suflctent for all rational demands. 

Aside from the military uses of maps, uses that in Europe must long 
be among the most important,- the increasing intelligence of mau in 
civilized countries demands an accurate knowledge of the eivrth's sur- 
face in his vicinity; a surface that, while slightly modified by his action 
upon it, yet retains the same principal features from age to age, so that 
one good survey, with slight occasional corrections, will suffice for an 
iudelnite period. 

Where the survey is on a large scale it serves another purpose, by 
giving, with sufficient accuracy for the imposition of taxes, the areas of 
all estates, and may, indeed, be made a basis for land-titles. This, how- 
ever, requires a larger scale than is necessary for ordinary purposes. In 
England, such maps, called parish plans, are on a scale of ^5*55-. In 
mauy European stiites, cadastral surveys have been made frequently 
without connection with a topographical survey, their object being the 
proper apportionment of land-taxes. 
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Again, wliea an aocarate survey of a ooniibrj- ia made, it will aid in 
the prdiminary examiuations for worlis of eugineeriog, such as railroads, 
canals, river improvements, altbongli uo general survey could properly 
give the detail necessary for the final location or coustruotiou of such 
works. 

Iti nearly all tbe European states the area over whicb the survey ex- 
tends is covered by a net or chains of triangles of large size, the lengths 
of whose sides vary from 10 to 100 miles, and depend on bases measured 
with the highest precision that it is practicable to reach ; their probable 
errors not exceecling about ss^ws P'*'''' of their lengths. In some 
states all the angiea of this net are observed with extreme precision, so 
that the probable error of any angle shall not exceed a few tenths of a 
second ; in others, as in Italy and Spain, certain chains of triangles, 100 
or 200 miles apart, running north and sontii and east and west, thus 
forming large quadrilaterals, are observed with the gTeatest precision, 
the intermediate triangles re.ceiviEg less care. At the vertices of several 
of the triangles accnrate determinations of latitude and longitude are 
made, and the azimuth of a triangle side ia determined. The heights 
of the grouud above the level of the sea at all vertices are found either 
by levelings of precision, or trigonometrically. The ])ositions of these 
vertices are thus accurately known in latitude, longitude, and elevation ; 
they are the precise reference points on which all the inferior points 
depend. 

Starting from the triangle sides of the primary triangulation, the in- 
terior of each such triangle is cut up into a smaller triaugulation, called 
secondary, and the secondary triangles, if necessary, into still smaller 
ones, called tertiary. The vertices of the tertiary triangulation are the 
guiding points of the topographer; on them he bases his sheets. 

Thus, in Austria two or three such points at least are required for 
every sheet covering 7J minutes of latitude and 15 of longitude, on a 
scale of ^Jj^, with one or two additional ones on the sheet, but per- 
haps outside of the border. This gives one point for each 60 square 
kilometers, (24 square miles.) 

In the Prussian surveys, ten trigonometrical points are required for 
each fifty-six square kilometers, (22 square miles.) Scale of detail sheets 

In Italy, the scale used l3eing ^oJoo' ""^ trigonometrical point is 
determined for every 25 square kilometers, (10 square miles.) 

The heights of these points are also determined and given to the to- 
pographer, who bases on them his level or contour curves. 

The determination of points on which the topographical survey de- 
pends has now been explained. If possible, those determinations should 
be made in advance of the topographical work; where that is impracti- 
cable, the topographer must leave permanent marks in prominent posi- 
tions, which are atterward determined from the triangulation. 

On the Continent, the topographical work is done mainly with the 
plane table, the amount of detail introduced depending on the scale 
adopted. Thus, in Prussia, where the scale of the plane-table sheets is 
1 : 26000, all necessary detad can be given. Eoads, paths, mills, de- 
tached houses, important fences, streams, ponds, forests, bridges, mines — 
all can be shown. When the scale is diminished to soooin ^^ in Italy, 
a part of this detail must be omitted, and still more 'when the scale of 
publication is diminished, as in Sweden, to jtj-^s^^- 

In all the best modern surveys, even when nachurea are used to gi\'e 
]iiotorial effect, the relief of the earth's surface is shown by level or con- 
tour linee, at elevations differing with the precision of the survey. 
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Iq the Prussian sheets, scale -jj^j^, the level curves are 20 or 25 feet 
apart in elevation. The Swiss sheets, scale 15 Jco; g've them 10 meters 
apart. In the AustriaD sarveys, at least eight heights are determined in 
each sqaare kilometer for the scale ■^slss ^^'^ seventeen for the double 
scale. The level curves are drawn at either 20 or 100 meters apart. 

In the publication of the results of surveys, the scale ^5^5, adopted 
by Prussia throughout and by Switzerland except for the most inouut- 
ainons ar. a, appears sufficient for all ordinary purposes. It permits the 
measuremeut of distances to within 15 feet. It gives mncb more detail 
than ibe s:!fl]eof ^5^^^, at first adopted for the British maps; and their 
map now being puuiislied on a scale of 6 inches to the mile, or ts-J^u, 
white not large enough to give well the boundaries of estates, yet re- 
quires about six times as many sheets as the scale ^jI^t, would do. 

The scale ^^^q furnishes also an admirable basis lor detailed geolog- 
ical work, enabling the geologist at once to place on maps of snilicient 
detail the results of his labor, as is being done in Prussia. Indeed, the 
general topographical and geological maps of that country now in pro- 
gress present to us a standard of excellence which can only be attained 
after many years, 

The detailed sheets need combination for general use into maps of a 
smaller scale. General Dufour adopted ynoWo to'' ^^^ excellent map of 
Switzerland, and the same scale is adopted lor the general statf-map of 
Prussia, derived from the 75J00 sheets. 

In reference to the cost 01 these surveys per square mile, save in the 
case of Prussia, there is little information. In that country there are 
about 200 square Prussian miles (4,380 square English miles) covered 
annually by triangnlation, costing $78,000, gold. The topography covers 
the same area per annum, and, with chartography, costs $I1T,00<), gold, 
per annum. Dividing the total expense, $195,000 gold, by 4,380, we 
have $44 gold per square mile as the cost of the survey, exclusive of 
the salaries and allowances of officers. In Switzerland, much of the 
topography is done by contract, at the rate of 700 or 800 francs per 
square Stunde, or $16 to $18 gold per square English mile. The cost of 
triangalatioD, revision, and publication wonld have to be added to this. 
Half the cost of the new Swiss snrvej' is borne by the confederation 
and half by the cantons. 

Publication on the scale of the fleld-sheets only takes place when 
some society or person agrees to bear half the expense. Austria ex- 
pends annually about $490,000 for her surveys, but the area covered is 
not known. It is stated'that in the Austrian surveys an officer exper- 
ienced in topography can, with the aid of two or more soldiers, survey 
in the six summer-months, on a 53^55 scale, from 350 to 500 sqaare 
kilometers, (140 to 190 square miles,) drawing the same in colors during 
the winter. 

Schiavoni, in Principii di Geodesia, states that a topographer in six 
months can complete 81 square kilometers, the scale beiug joJ^jj. The 
wide difference in these estimates is donbtless due in part to difference 
in precision of the work, although the scales are nearly the same. 

A writer in the ISorib American Iteview of Jnly, 1875, estimates the 
total cost of the ordnance-survey of Great Britain up to that date at 
about $20,000,000, in gold, and the area at 111,000 square miles. This 
would give a cost of $190 per square mile, the work not yet being com- 
plete. , It should be remembered that it includes many publications on 
scales larger than -jsioo- 

Taking the Prussian survey as a model and recollecting that the coat^ 
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$il per sqaare mile, previoasly stated, does not include the pay of offi- 
cers, nor (probably) the cost of tbe Geodetic Institute, which has charge 
of the primary triangulation and astrouomicajl work, these two omis- 
aious, perhaps, inereasiug the cost of the work to $60 or $65, it is very 
doubtful if similar work in this country, on account of the greater cost 
of labor, both skilled and unskilled, could be done for less than $100 
gold per square mile. 

If alower standard of accuracy were adopted, such as determination 
of but one ti'iangulation-point in 25 or 50 square miles, level corves 
100 feet apart, field-sheets on a scale of ^jr^inri *id published maps 
on a scale of tito'bbih the cost might perhaps be reduced to $50 gold 
per square mile, i'or level, thickly -settled areas, with numerous tele- 
graph-lines, the cost of the first and less precise maps might be further 
redneed by substituting astronomical for trigonometrical determinations 
of the guiding- points. But wheu at last good topographical work was 
to be doae, trigonometrical points would still be necessary. 

Since the General Government, for military and administrative rea- 
sons, is interested in these surveys, it should bear a part of the expense. 
That part mightwell be the execution ot the triangulation for any State 
that was prepared to make a topographical survey. A triangulation, 
giving points not more than five or ten miles apart, whose positions 
were accurately known and permanently marked, would establish firm 
bases on which all future topography cai'ried on by the States would 
salely rest. If any town or county desired greater precision in its 
topography than that adopted as a general rule tor the State, tbe 
greater precision should be given upon its paying onehalf the addi- 
tional cost. When, at any subsequent time, a given locality desired a 
new and better map, a reaurvey, based on, the same permanent trigono- 
metrical points, could be made without being affected by the inaccuracies 
of the neighboring surveys, no errors being propagated beyond th& 
nearest of those points. 

Such a plan would involve no large errors, even when the topograph- 
ical anrvey was inferior; it would admit of indefinite increase in precis- 
ion of detail for any locality, as towns or counties desired that increase 
and were prepared to meet the expense. 

The advantage of placing the triangulation in the hands of the Gen- 
eral Govexnment is that its execution would be systematic and precise, 
avoiding the confusion of methods and uncertainty of accurate results 
inevitable, if there were as many heads concerned in it as there are 
States in the Union, each lai'gely controlled in his methods by the vary- 
ing liberality or parsimony of State appropriations. 

The triangulation, if once well done, is done forever, and it is more 
economical not to do it at all than to do it badly. 

In its execution, equal precision in the measurement of all the pri- 
mary triangles would be unnecessary. Chains several hundred miles 
apart, running along meridians and parallels, (except when they followed 
mountain-ridges or eea-ooasts,) should have their angles measured with 
tie highest precision, so that their results might be available for deter- 
mining tbe dimensions of the earth. The interior of the huge quadri- 
laterals thus formed would be covered with triangles measured with an 
accuracy leas, but still ample for all mapping purposes. 

Such a plan, giving, at once, fiual accuracy in the controlling points 
and permitting indefinite increase in the representation of the detail 
around them, furnishing a skeleton to which all local surveys could be 
fitted, til] the wbole was complete, would at least supply us with maps- 
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of out country that would be eredita'jlo aud that conld be compared 
with those of other civilized Datioris, 

Ouly the richer and more thickly-settled States could undertake the 
■topographical survey at present ; its extension over the United States 
would require a century. 

Very i-espectfully, your obedient servant, 

C. B. OOMSTOfiK, 
Major of Engineers and Bvt. Brig. Qen. 
Brig. Gen, A. A. HUMPHREYS, 

Chief of Engineers, JJ. S. A. 
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CHAPTEE II. 
3 1. — The Ordnance- survey of EKGLArjD. 



Base-linfa are measured with tbe Colby compenBation-bars. The com- 
pensation-bar consists of two bars, one iron, tbe other brass, each 121".5 
long, 0".5 broad, 1".5 deep, laid parallel to each other 1".125 apart and 
firmly connected at their center by two small transverse steel cylinders. 
At each extremity of the bars is a metal tongne, 6".2 long, so connected by 
pivots to the bars as to admit freely of any expansion or contraction and 
yet be quite immovable otherwise. On a silver pin at the extremity of 
each tongue ai'e marked the compensation-points. This coraponnd bar 
i3 inclosed in a bos, from which project the tongnes carrying the c >m- 
pensation-poiuts. 

The complete set consists of 6 bars. The interval between the ad- 
jacent compensation-points of two bars lying in line for measuring is 
brought to exactly six inches by means of a compensation-microscope. 

Primary triangulatiou is execnted with theodolites having 36, 24, or 
18 inch horizontal limbs, divided by dots into spaces of 10' and provided 
with micrometer-microscopes for reading. 

By means of a secondary triangulation the principal triangles, having 
sides 20 to 60 miles long, are subdivided into triangles having sides 
about 5 miles long. This work is doue with a 12-iucb theodolite. 

By the parish or tertiary triaugulation the 5-mile sides of the sec- 
ondary work are subdivided by a net-work having sides of about one 
mile. In this work a 7-incli theodolite is used. 

The detail-work, called fleld-surveying, is based upon the tertiary 
triangulatiou, and in it all boundaries of counties, parishes, townships,, 
and boroughs, roads, canals, streamsj fences, houses, divisions between 
cultivated and uncultivated laud, the edges of ravines and i)recipices,. 
and the outline of masses of outcropping rock are located. 

In the cultivated districts the detail-surveying is done with the chain 
alone. The sides of the t-ertiary triangles, the lengths of which have 
been determined by computation, are chained, and the triangles are 
subdivided by chained lines from which the details to be located are 
fixed by intersection with the chained lines or by offsets from them.- 
Traversiiig with a S-inch theodolite is used, but only when the survey- 
ing by right lines would be attended with complication and difficulty, aS' 
ia the case of a crooked river, at the bottom of a ravine, or in snrveyin g 
paths or other details through a wood. 

In the uncultivated and wooded districts and iu the highlands, the 
surveying is principally performed by traverse or by a combination of 
traverses and right Hues depending ou them. The district is divided 
into blocks bounded by roads, rivers, or county-lines, and general lines 
of traverse are run starting from trigonometrical stations so as to em- 
brace a whole block and close on the starting-point, thus checking both 
the azimuth and distance. The general lines of traverse are also con- 
nected with every convenient trigonometrical station by a closing angle 
and distance, and from all trigonometi'ical stations closed on, when 
practicable, angles are taken to at least three surrounding stations and 
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to one or more conspicuous permanent objects between them. Inter- 
mediate or cross-traverses are then proceeded with, starting from and 
©losing on previously establislied pickets of other traverses on the same 
meridian, theangle of the former station being always retaken at closing; 
and in case of more subsidiary traverses made for fixing isolated objects 
some check-tie is given, such as a return-distance to some other picket 
on the traverse started from. 

In surveying by chained lines the tield-party consists of 1 surveyor 
and 1 chainman ; in surveying by traverse, of 1 surveyor and 2 labor- 
ers. It is cnstomary to form surveying sections of from 8 to 1'2 survey- 
ors, in charge of a non-commissioneii officer, whose dnties are to issue the 
printed forms of notice, extracts from the acts of Parliament, to the 
owners of property and others, of the intention to enter upon their lands 
for the purposes of the survey ; to lay down a standard length on a 
suitable level spot from the standard-chain with which he is supplied, 
and to parcel out the triangles to the several surveyors ; to visit the sur- 
veyors in the field aud test the accuracy of their work. The surveyors' 
note-books are regularly inspected by the superintendent to see that the 
work Is properly closed, the diagrams kept up, and all references sup- 
plied. All notes are kept in ink, no interlineations of figures or eras- 
ures with a knife are permitted, and all alterations in the notes must be 
supported by the initials of the surveyor. 

The plans of the populous, cultivated, and mineral districts are drawn 
upon the scale of ^Vo ! *'^8 highlands and other partially-cultivated 
and thinly-peopled districts on the scale of 6 inches to 1 mile. 

The notes and diagrams of field-surveys are sent to the ofilce to be 
plotted and cheeked by the triaugulation ; when the discrepancy in 
chain-work exceeds 1 in 500 the diagram is returned to the superin- 
tendent in the field for correction by resurvey. The surveyors are paid 
by the piece, so much per acre, and al! resurveys aud corrections must 
be made at the expense of the surveyor. 

After the work is plotted and checked a tracing is made for examina- 
tion on the ground. Tlie examiner is required to verity the work by 
judicious intersections, so that the different portions of detail shall 
mutually prove each other; he fixes the location of trees, footpaths, 
and all other ornament, supplies the names of hills, streams, houses, 
and bridges, and collects much of tbe detailed information given on the 
ordnance-survey maps. 

The traces, having been scrutinized aud approved by the examiner, 
are given to the draughtsman, who ti'ansfers all the detail and correc- 
tions to the original and then pens in the outline and detail. Types for 
l-ettersaud figures and'a variety of stamps for trees, woods, and differ- 
ent characters of ground are used to expedite the work of the draughts- 
man. 

The plans, as they are completed, are subjected to a close ofhce-scrn- 
tiny by a competent examiner, who compares the plan with the tracing 
and sees that the plans are accurately drawn in every respect. 

A personal examination of the plans on the ground is made by the 
officer in charge at this stage, after which they are forwarded by gi'oups 
to the officer in charge of the leveling, to have the levels inserted, and 
they are subsequently examined with al! the documents complete at the 
office at Southampton. 

Leveling. — The general mean level of the sea for England was ob- 
tained by tidal observations at 32 different stations. The means found 
at each station were connected by leveling and referred to the datum- 
ptane, the height of mean tide at Liverpool. In this primary leveling 
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a series of levels were established along the principal routes of commu- 
nication through the interior of the country, to serve as a basis for sub- 
sequent leveling operations of a more detailed kind, called secondary 
leveling, which provides, by the leveling and contouring: operations, 
about 1 linear mile of leveling to every square mile, establishes bench- 
marks and contours tor every 100 feet of altitadej up to 1,000 feet 
above the sea, and deteimines the height of every tngonometrical sta- 
tion. Id the primary leveling the accuracy of the work was checked 
by again leveling each line backward. In the secondary leveling, the 
work is checked by closing on the primary work. The limit of closing 
error is 0.01 foot per mile in long lines. The relative altitude of two 
stations is determined by measuring the angle of elevation from one 
station to another by reciprocal zenith-distances or by the usual opera- 
tions of spirit-leveling. 

Gontouring. — For this work a 5-inch theodolite is used, and contour- 
lines are traced on the ground and marked with pickets. The leveler 
runs a level line from a bench-mark near the required altitude until the 
contour to be traced is found ; then the rodman, with hia target set to the 
height of the instrument, moves along the contour-line as directed by 
the leveler and marks the points determined with pickets. 

When a safflcientlengthof the contour is marked, the contoucer makes 
a survey of it, plotting his work on a projection furnished him as he 
proceeds on the ground. This work is verified by an examiner, who 
again traces the contour and verifies or corrects its location by running 
the line in the opposite direction. 

Sill-sketeMng. — The object of this work is to produce delineations of 
the form and relative altitude of the ground, to be nsed as data in the 
brush-work studies required for the guidanceof the hill-engraver. The 
sketcher is furnished with a i)rojeetiou, on which thecontours are traced, 
scale 6 inches to 1 mile, a prismatic compass, protractor, and scales for 
Lill-sketching. Points are located for intermediate contours by bear- 
ings ; distances are determined by pacing. In' sketching, the horizontal 
system is used for slopes less than 45'' and the vertical system for slopes 
greater than 45^^. The work of the hill-sketcher is examined and veri- 
fied by an officer on the ground, and the sheets are then given to the 
draughtsman for reduction to the scale of 1 inch to 1 mile. In the 
reduction, the hill-sketches are made in India ink with a brush. When 
complete, this reduction is given to the engraver. 

FhotograpMc reductions. — The ordnance sorvey-plans, scale ■^■^oo< are 
reduced to thesoale of 6 inches to 1 mileby photography, and silver prints 
of the reductions are used by the copper- plat-e- en graver. 

Plans to be reduced by photography are prepared with that view. 
Lines are made somewhat thick, and are drawn in rich black ink; houses 
are tinted red; waters, blue; roads are left nncoiored. A camera, with 
plate 16^ inches square, and Dullmeyer lens 3 inches diameter, 24 iuches 
focus, is used. This gives a field of the size of the plate, with good 
definition over the whole of it, with practically no distortion. The plan 
is mounted on a stand properly adjusted with respect to the camera, 
and its image is made to cover a figure on the glass equal arid similar to 
that formed by the marginal lines of the plan drawn on the scale to 
which it is to be reduced. Proper adjustments are provided to secure 
the required position of the plan and camera. Plate-glass is used for 
the sensitized wet collodion-plate; and it is mounted so that the collo- 
dion-film can be made to take the exact plac« occupied by the ground- 
face of the focusing-glasB, The negatives and prints are produced by 
the usual methods. 
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Photograpliie views publislied iu couuectiou witli the ordiiance-aur- 
veys have been prodaced by tUe use of dry plates prepared by tlie Tau- 
nier process. Many plates prepared iq this maaner Lave been nsed 
after six moDths with good results. Fair reaiilta have been obtained 
with tlry plates four years after their preparation. The exposure re- 
quired is about four times that necessary for a wet plate. The plates 
have been kept more than a montli between exposure and developineut 
without any trace of deterioration. 

Engraving. — The 6 inch maps are engraved on copper plates 36 x 
24 iucbes. 

The comers of the sheet and the trigonometrical points are first 
pricked on the copper plate by a scoriug-maehine, furnished with grad- 
tiafed scales read by verniers. The plate is then removed from the 
scoring-machine and placed on an iron table heated by gas, while a wax- 
ground is laid upon it. When this has been done, the corresponding 
points on the margin are joined witt floe ruled lines, by which the sbeet 
is divided into sixteen equal rectangles. Tracings of the photographs 
to be engraved are made with lamp-black, and each, being a sixteenth 
part of the 6-ineh sheet, fits into one of the rectangles drawn on the 
copper plate, and is transferred to the wax-ground by rubbing with a 
steel burnisher, after which the plate goes into the hands of the en- 
graver. The outline is first engraved, and then the writing, afterwards 
the ornament, rocks, woods, water, and contours. Figures are punched 
with steel type ; trees and woods, with steel punches. Parks and sand 
are rnled with a dotting-wheel ; buildings are shaded with a ruling-ma- 
chine. Hills are engraved, on the 1-inch sheets, by etching with aoid- 
Four proofs are taken at dilierent stages of the work, and each proof is 
examined and all corrections are made before the sheet is pronounced 
ready for publication, 

Electroiyping. — This process is applied for several purposes : 

I. Duplicates of the original engraved plates are obi>ained, thus saving 
them from being worn out by constant printing, 

II. Alterations can be made iu the cast or matrix, in which the details 
are iu relief, much easier than by catting ont from the original plate. 

III. Parts of several engraved plates may be used to form a single 
plate for printing from. 

IV. Copies are taken of the engraved plates in different stages of 
their progress and with different classes of information engraved upon 
the ditt'erent copies. Thus the 1-iuch map of Great Britain is published 
in outline with contours, another with hills cxjiuplete but without con- 
tours, a third with the geology engraved, &c. 

In producing the electrotype-plates a Smeebatterj, single cell, is used; 
zinc plates 2' x 2' 4", silveretl copper plates 4J" wide, six of them being 
placed together in a frame presenting a surface equal to that of the zinc 
plate. With this battery ^ of a pound of copper to one square foot of 
surface may be deposited in 24 hours. 

The engraved piate is washed with cyanide of silver, and afterward 
with a solntion of iodine in alcohol, and then exposed to the suu. A 
composition of wax and tallow is laid around the plate to prevent de- 
posit ou the edge. The plate is then put in the el ecfcroty ping-cell and 
a sheet of copper larger than the plate is laid over it and separated from 
it by 1 inch. The wires are attached,' the matrix is produced, and a 
duplicate is obtained from the matris by the usual process. The du- 
plicate is next hardened and finished and may then be nsed for printing. 

ZincograpMc printing. — In this process zinc plates ^ of an inch thicit 
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are used. The plate is pveparei-l by scraping it evenly until all irregu- 
laritiefl and other defects are removed, is then ground with pumice- 
etone aud water, and smoothed with a piece of steatite. A grained 
surface is given to the plat-e by rubbing over it molding-sand aud 
water with a zinc muller. The plan to be zincogmphed is traced in 
lithographic writing-iuk on tracing-paper thiuly coated with starch. 
The traciug is put for a few minutes in a dampening-book moistened 
with water and nitric acid to neutralize the alkali in the soap of the ink. 
Next, the tracing is put between sheets of paper moist with water only, 
and is left to expand to an extent equal to tlie amount of contraction 
which will take place in the wet paper on which the maps are printed, 
about i of an inch in 3 feet. The damp tracing is laid face downward 
on the prepared surface of the zinc plate, a sheet of paper is placed over 
it, and the whole is parsed through the lithographic press several times. 
The covering- paper is removed, the tracing is dampened and carefully 
peeled off the surface of the zinc; The outline will be fonnd on the zinc 
in ink, which the starch has prevented from soaking into the paper. The 
face of the zinc plate is now washed with hard water and a sponge to 
remove the starch, and ia then etched with a preparation of phosphoric 
acid to remove dirt aud fluger-marks and give a slight relief to the parts 
protected by int. A roller, charged with lithographic printiug-ink, ia 
next passed over the zinc plate, which is kept moist with a wet cloth. 
The ink ouiy adheres to the parts where the writing-ink has been ab- 
sorbed. The plate is now ready for use in printing. 

The zincographed impressions are colored; water, blue; buildings, 
carmine; roads, raw sienna. 

PhoUmneograpky. — In this process a negative of the plau or map to 
be reproduced is taken on a glass plate and the silver deposit is black- 
ened with corrosive sublimate and ammonium hydrosulphate ; a suu- 
print is taken from the negative on paper, coated with gelatine and bi- 
chromate of potassa, which surface, when exposed to the influence of 
light, is insoluble in water at a moderately high temperature. 

The print is uniformly covered with greasy trausfer-ink, and afterward 
washed with warm water, to dissolve the gelatine unacted upon by Ught, 
and so carry away the ink npon it, which will now remain only on the 
insoluble portions. In this way a print in a greasy carbon-ink is pre- 
pared, which can be transferred to zinc or stone in the usual manner. 
The paper used for the carbon-print should be tough, aud have a surface 
that will remain almost undisturbed when saturated with water. 

Anastatio process, — By this process a direct transfer is made from a 
printed Impression to a zinc plate, which is then used for printing, 
Presh prints, not dry and hard, may be transferred as follows : The face 
of the print to be copied is laid upon clean blotting-paper and the back 
is brushed over with nitric acid diluted with water. The print is then 
deprived of superflnons moisture by pressure between sheets of blotting- 
paper, is placed faced downward on a prepared zinc surt^ce and passed 
through the printing-press. Onremovingtheprintthezincplateissponged 
over with gum-arabic, water is added, and the plate is gently washed. , 
The transfer is then charged up with lithographic priutiug-ink, washed 
with water, and etched with phosphoric acid and gum-water, and is then 
ready for use in printing. Alterations may be made by obliteration with 
steatite, polishing with emery-cloth, and transfer as before. If addi- 
tions are required, the polished surface is acted on by nitric acid and 
water, and then the additions can be made with a pen aud transfer-ink 
and be etched as before described. 
3 E s 
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Old prints, dry and bard, are first softened for transfer by 
in hot water to which caustic strootia has been added. 

Authority. — Methods and Prooesaes of Ordnance Survey, 1875. 
€on]piled by H. M. Adams, Oaptain of Engineers. 

§ 2. The OitDNANCE Suevby of Gkbat Beitain. 

ORGANIZATION AND MAPS. 

The data available for this report are the " Beport of the Progress of 
the Ordnance Survey to SIst of December, 1874," and 3C atlas-sheets, 
which are samples of the various scales employed and of the different 
styles of publication. 

OKGANIZA'riON. 

The following facts appear from the report. The ordnance-survey 
forms a part of the work of the Eoyal Engineer Corps, and the present 
director-general is Lieutenant-treneral Sir Henry James, E. B. An ofB- 
cer of the Royal Engineers bus charge of each of the different divisions 
of the survey. The areas over which the surveys are being made are di- 
vided into districts comprising one or more counties, and the work in 
each district is under the immediate charge of an officer of engineers 
stationed in the district. 

At the date of the report there were employed upon the survey 19 
officers of the Eoyal Engineers ; 4 companies of engineers, consisting of 
121 non-commissioned officers, 243 sappers, and 8 buglers; 1,000 civil 
assistants of different grades, and 448 laiaorers. 

SCALES EMPLOYED AND aTETHODS OF PUBLICATION. 

Numerous scales are adopted for the survey and publication, in order 
to meet the requirements of the public and of the various departments 
of the government. The scale.8 employed for the genera! maps of the 
country are those of one inch and six inches to the mile, (s^^o and 
Tffs^fTi) """^ *^® plans of the whole United Kingdom are being engraved 
on copper on these scales. 

For the purposes of the valuation of property, the survey of all the 
cultivated parts of England, Scotland, and Wales is made on the scale 
of ^jioo, or 25,344 inches to the mile, commonly called the iuch-to-the- 
aci-e scale. The plans on this scale are called parish-plans, aod are made 
by photozincograpliy, a process discovered by the director-general in 
1860. These plans are reduced by photogxaphy for publication on the 
6-incb scale. 

The principal scales adopted for the plaus of cities and towns are that 
of ^^, or 10.56 feet to the mile, for towns of over 4,000 inhabitants, and 
that of -YoSe' *"' ^ ^''^*' *" *^® ™'^^' *^^ smaller towns, although the plans 
of a few towns have been surveyed and drawn on scales of 1 foot, 2 feet, 
and 20 inches to the mile. These plans are either engraved or zinco- 
graphed. In addition to the above-mentioned generall maps and plans, 
special plans, as required, are made for the use of the governmental 
departments, the courts, &c., and the expenses incarred ia their prep- 
aration are reimbursed to the survey. 

Geological Hues and rettereuces have been engraved on some of the 
6-inoh and 1-inch sheets. Hone of these, however, are contained among 
the s 
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The various pablieationB are sold to the general public at moderate 
prices. The receipts from these sales for the year 1874 amounted to 
over £8,000. 



Mngland and Wales.^Area, 58,000 square miles. Surveyed on the 6- 
ineh and =J(,„ scales 26,358 square miles. Surveyed daring the year 
1874 1,456 square miles. Published on the ^j'j^ scale 11,527 square 
miles, and the 6-inch scale 16,678 square miles. On the 1-inoh scale the 
whole map was completed and published, coustituting what is called the 
old seri ' " .n , - . . ■ , 

project! 



A new series of maps on the 1-inch scale on an improved 
ion and with a more uniform system of numbering of the sheets 
In course of publication. Plans of 95 towns on the -^^ scale 
«nd of Gl towns on the 6-foot scale, bad been published, and those of 
19 towns had been surveyed and drawn, but not engraved on the ^^g 
scale. 

Beotland. — Area, 30,000 square miles. Surveyed on the 6-inch and 
2^^ scales 28,858 square miles, of which 1,029 square miles were sur- 
veyed during the year 1874. Published on the 25^0 ^*1® 10,908- square 
miles: ou the 6-iiich scale, 19,850 square miles ; and on the 1-inch scale, 
14,394 square miles. The surveys of the towns of Scotland were com- 
pleted, and the plans of 45 towns on the ^^ scale and of 15 towns on 
the 5-foot scale had been published. 

Irelamd. — Area, 32,813 square miles. The survey on the 6-inch scale 
had beeTi completed and the map published. The maps of ten conuties 
had been revised and new editions of theui published. The whole map 
on the 1-inch scale hart been engraved and published in outline, aud the 
engraving of the hills was in progress. The area published with the 
hills is 16,694 square miles. Plans of 74 towns on the 5-foot scale, of 
1 on the 2-foot scale, of 14 on the 30-inch scale, aud of 12 on the 1-foot 
scale had been drawn, but not published. Plans of 8 towns on the 5^5 
scale had been surveyed, but not drawn. 

DESCRIPTION OF THE MAPS AND PLANS. 

The following details respecting the maps and plans are obtained 
from an examination of the 36 specimen-stieets and from the index- 
sheets published in the report for 1874. 

One-inch scale.— The old series of the map of England on this scale is 
published in two styles, which differ only in the manner of representing 
the relief, which is indicated in the one by level curves and in the other 
by hachures. Each sheet represents an area of 26' 60" iu longitude 
(about 18 miles) by 10' 25" in latitude, (about 12 miles.) The projec- 
tion-lines do not extend across the sheets on any of the ordnance-sur- 
vey maps. Ou the sheets of the linch scale the border is divided into 
10" spaces. The maps contain a great deal of detail, the topograph- 
ical feafnires being indicated by the usual conventional signs. They 
show the rivers, streams, lakes, marshes, mountains, valleys, moors, 
forests, villages, isolated houses, triangulation -stations, (with their alti- 
tudes,) railroads, turnpikes, common roads, ruins, ancient settlements, 
boundary-lines of counties, townships, and parishes, 

The nomenclature is very detailed, the names of isolated houses or of 
tlieir owners and the local names of hills and other aceidents of the 



Hosted by 



Google 



20 

gronnd beiiig given. The level curves are 100, 250, or 600 feet apart, 
according to the nature of the surface. 

There are no sheets of the new series of the 1-ineh map of England 
with the samples sent, but the index-map shows that the new map will 
consist of 360 sheets, each representing an area of 18 by 12 miles. 

The map of Ireland consists of 205 sheets, which only differ from those 
of the map of England in having on the margin of each two diagrams, 
the one an index to the 6-inch maps on the sheet, and the other showing 
the numbers of the eight adjoining sheets of the 1-inch map. 

The map of Scotland and the neighboring islands will consist of 131 
sheets. The sheets are larger than those of the corresponding maps of 
England and Ireland, each representing an area of 2i by 18 miles, but 
in other respects they are entirely similar to those of the map of Ireland. 

Six-mek aeale. — The sheetson this scaleappear to be numbered by conn- 
ties. Each slieet represents an area 6 by 4 miles. The latitude and 
longitude are shown on the border, which is divided into 1" spaces. Four 
scales are given, viz, of feetj miles, chains, and perches. The numbers 
of the adjoining sheets are indicated by letters on the margin at each 
side. In addition to the features shown on the 1-inch map, upon this 
appear all houses, barns, outbuildings, &o., with their correct outlines, 
wells, fences, hedges, bridges, telegraph-linea, &c. The areas of the 
townships and parisbee of Great Britain and of the town-lands of Ire- 
land are engraved upon the sheets. 

The relief is shown both by level curves at distances of 25, 50, or 100 
feet apart, according to the nature of the ground, and by figures placed 
on the roEids giving the altitudes tor about each 1,000 feet of distance, 
and also by figures giving the altitudes of bench-marks made on walls, 
buildings, &c. 

The names of roads, of the principal streets and buildings in the cities 
and towns, of bridges, (the materials of which they are constructed, 
whether wooden, iron, or stone, being also stated,) of farms, parks, 
woods, hills, detached houses, &c., are given with great minuteness. 

j^^ or 26.344-twcA smle. — Each sheet represents an area of IJ by 1 
miles. The numbers of the adjoining sheet are shown by the method 
used in the 6-inch maps. Scales of mites, chains, feet, and in some 
eases of links and yards are given. Latitudes and longitudes are not 
indicated. These plans contain essentially the same natural and artifl- 
eial features as the 6-inch maps, but the amount of detail is of coarse 
greater, the scale being sufBciently large to admit of the accurate loca- 
tion of individual trees, &c. Bach subdivision of the land is numbered, 
the numbers referring to corresponding numbers in area-books 
which are published in connection with the plans. There are no level 
curves, the relief being indicated by numbers giving the altitudes of 
points at short distances apart on the roads, and by the heights of 
bench-marks. These plans are published both plain and in colors. 

■j^ or 5 foot scale. — Each sheet represents an area of 3,170 by 2,120 
feet. Scales of feet and links are given. The numbers of the adjoining 
sheets are shown on the margin, which also contains a diagram indicat- 
ing the position of the sheet on the ^^^ maps. These sheets are de- 
tailed plans of the cities and towns for which they are made, containing 
accurate representations of the outlines of buildings, streets, railroads, 
parks, &c., and the positions of fire-plugs, lamp-posts, &c. The names 
of public buildings, churches, {with the number of their sittings,) hotels, 
manufacturing establishments, and other large buildings are giveu. 
The relief is indicated in the same manner as on the aheet-s of the -^/o^ 
scale. The plans are issued both plain and in colors. 
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jij '"' 10-56-/oof se«te. — Bach sheet represents an area of 1,600 by 
1,060 feet. Scales of feet and links are given. These plans appear to 
■oontaia about the same features as the 5-foot plana, the only differeuce 
being that the larger scale shows more clearly the varioas details rep- 
resented, and admits of a mote minute naming of the different build- 
ings, &o. The two specimens of these plans are both colored. 

AwthoriUea. — Ordnance Survey Report 1874, and 36 maps. 

Compiled by Lieut. P. M. Price, United States T 
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OHAPTER III. 

§ 1. Notes on Prussian Surveys. 

In 1864 the survej' of the sis eastern provincea of Prussia was under- 
takeD, their total area being about 4,200 square Prussian miles, (one 
Prussian equals 4.68 English miles.) 

The time then estimated for the completion of the work was ten 
years, but the plan was subsequently extended to include the whole 
state. 

The geodetic and astronomical work is under the charge of General 
J. J. Baeyer, who directs the Geodetic Institute and the central bureau 
for the European measurement of degrees, {Grad/messung.) 

The trigonometrical, topographical, and ohartograpbio operations are 
under the general staff of the army, the present head of the land-survey 
being General Von Morozowiez. 

The aim of the triangulation is to furnish for all time a net that shall 
be accurate enough for any demands that may be made upon it, even if 
surveys should be desired on a scale so large as joVo- "^^^ sides of 
the small triangles furnish bases for detailed tiopographical work. 

The triangulation of the first class consists of chains of large triangles 
ruBuing through the area to be surveyed. Its angles are measured 
■with theodolites having circles not less than 10 inches in diameter by 
twentj-four pointings at each object. Objectsare poiuted atintheorder 
A, E, C, 1) — D, C, B, A,and between each such set of pointings the hori- 
zontal limb is turned 30° in azimuth. The probable error of any trian- 
gle side must not exceed 1 : 100000, 

In the triangulation of the second class the triangle sides usually 
vary between 1^ and 2 Prussian miles in length. The angles are read 
with 8-incb theodolites, giving seconds, twelve pointings being obtained 
on each object. The probable error in the lengths of the triangle sides 
must not not exceed 1 : 50000. 

The detail triangulation (of third and fourth classes) is based on the 
triangulation of the second class. It must give uiue or ten points at least 
in each Prussian square mile, (equals 22 English square miles.) The 
angles sre read by 5-inch theodolites, giving seconds, and the probable 
errors of its sidesmust not exceed 1 : 25000. 

The triangulation of the first and second classes consists of chains ; 
that of the third and fourth classes must, if possible, be a continuous 
net, covering the whole area to be surveyed. 

The angles of the triangulations of the first and second classes are 
adjusted by Bessel's method. 

The heights oT all triangle points' are determined by a combination of 
ordinary and trigonometric leveling. 

All triangulation points are marked by cut stones. 

The processes of triangulation have now been, described. The maps 
resulting from the work are of two classes : 1. Those on the scale of 
1 : 25000, which are reproductions of the original plane-table sheets on 
the scale 1 : 25000 ; each of these plane-table sheets covers the area in- 
cluded by two meridians 10 minutes apart and two parallels 6 minutes 
apart. 2. Maps on a scale of 1 : 100000, covering an area of 15 minutes 
in latitude by 30 minutes in longitude, are derived from the 1 : 25O0O 
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The topographical work consists in tiie production of flnished plane- 
table sheets on a scale of 1 : 25000, and is based on the nine or tea trigono- 
metrical points determined in each FrussiaD square mile. Ah one of the 
sheets covers an area of 2J siicli miles, it ht« on it about twenty such 
points. 

These trigonometrical iwints are plotted on Whatman's paper, which is 
fastened by ita whole under surface to a phme-taWe with white of egg. 
The alidade of the pla.ne-table has a vertical circle and stadia wires, so 
that with a stadia distances and elevations are readily determined. 
While for the important points prosections and resections and the three- 
point problem, are used for &xiag points od this plane-table sheet, 
much of the work is doQe with the stadia. 

For important points the plane-table is oriented only on other well- 
determined points. In less important work, in a country free from local 
attraction of the magnetic needle, this is nsed for orientation. 

All roads, streams, bodies of water, streets, isolated bouses, forests, 
tax- boundaries, hedges, gardens, terraces, and, generally, all objects 
either important in themselves or in a military point of view are repre- 
sented that the jj^^ scale will express. For many smaller objects coq- 
veotional signs are established. Woods are classed and represented as 
leaiy, needle-leived, (coniferal,) and mixed. 

It is assumed that in general, even in broken ground, a sufficiently 
accurate representation may be obtained when the stadia-poiuts have 
an average distance from each other of about 200 meters. Intermediate 
details are sketched on the plane-table without nse of the alidade, by 
Betting the table up approximately at each stadia-point and by pacing. 
The permissable limits of error in distances on the plane-table sheet of 
any point are from 10 to 20 meters, and in elevation from 1 to 2 meters. 

The ordinary difference of elevation of contour curves is 5 meters, 
but when, for military purposes, more detail is needed, curves 2"'.50 or 
l™.2o apart may be used. Curves of 5 meters and less are represented 
by broken lines, of 10 meters by a full line, and of 20 meters by a 
heavy line. Their heights are given from the sealerel. 

Much of the plane-table sheet is inked in the field j but parts which 
are common to another sheet are not inked until after a comparison 
with that sheet is made in the office. The sheet is then completed and 
iUuininated for photographic reproduction. This illumination consists 
in applying pale tints of color, seven in number, to certain parts of the 
plane-table sheet, so as to give more prominence to water, roads, stone, 
buildings, court-yards, forests, marshes, &c. On these sheets relief is 
given by oontonr lines. On certain rough copies of them, foi' military 
use, the timings of color are stronger, and haohures may be added to 
the contour lines. For a scale of ^^^as< ^'lisn haohures are used, there 
ate 40 in 3 centimeters. They express every 5 degrees of slope from 0° 
to 45°, and the ratio of the width of the black line to its white int«r- 

Space, when a;" represents the slope, is ARo_ap 

Jjehmaun's method of representing slopes uses only full straight lines 
for haohures. In General Maffliug's modification some of these lines 
are broken and some waving. 

On the To^oo-o maps Maffling's system is nsed for slopes of 5° and 10°, 
and Leiimann's I'or greater ones. 

General Eseyer has proposed to replace the plane-table for all precise 
topographical work by the theodolite and stadia; and this has been 
done, partially or completely, in the cadastral survey of Schwarzburg- 
Sonderhausen. 
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Oberforstmeister Michaelis states that the accuracy was largely in- 
creased without iucrease of cost over that of graphical work. The- 
odolites have alao beeu used in the surveys in Wurtemburg and Gotha 
for topographical work ; but the plane-table is still in general use. 

Two hundred square Prussian miles are covered amiually by triaugu- 
lation and topography. 

For 1876, excluding salaries of officers and soldiers, the expense of 
triangulation was 312,000 marks, and of topography and chartography 
470,000 marks ; one mark being about 24 cents gold. 

In 1874 the cost of the Geodetic Institute was 106,440 marks. 

Authorities. — Manuscript letter of Lieuteuant General von Morozowioz, 
chief of laud survey, of June 16, 1876, to Count von Moltke ; Die 
preussische Landes-Trlangnlation; Umgegend von Berlin, Berlin, 1867; 
instruction flir die Topographen der koniglich-pi'eussischen Landes- 
Anfuahme, HeftLund II., Major Baumann, Berlin, 1876; Letter of <Jount 
von Bulow of December 2. 1875. 

Compiled by Major 0. B, Oomstook, Corps of Engineers. 

§ 2. H"OTBS OS Peussian maps. 

OE&ANIZATION OP THE SUBTTSY. 

From the letter of Herr Von Bulow to the cbarg(5 d'affaires of the 
United States at Berlin, dated December 2, 1875, a copy of which has been 
furnished, it appears that the several branches of the public surveys are 
in charge of dittferent departments of the Government, as ibllows : 

TEIGONOMETEIOAL, TOPOGRAPHICAL, AND CHAKTO GRAPHICAL WORE. 

This work is entrusted to the general staff of the army. 

The trigonometrical department triangulates annually over au area of 
3Q0 square Prussian miles, establishing ten points, marked by stones, to 
the square Prussian mile. (1 Prussian mile is equal to 4-6S English 
miles; 200 square Prussian miles are equal to 4,380.48 square English 
miles.) Its personnel is: 1 chief, 6 measurement- directors, (staff offi- 
cers or captains,) 8 detailed of&cers, (lieutenants,} 18 upper guuuers, 
{assistant observers.) Besides these there are the necessary office and 
house personnel 

The coat of the trigonoruetrical measurements for 1875, exclusive of 
the salaries and allowances of the offlcers, was 312,000 marks, (abouf 
$78,000 gold.} 

The topographieal department surveys annually 200 square Prussian 
miles on the scale of 1 : 25000, establishing also the level-curves. It also 
perfects the earlier snrveys by annual reconnaissances. The personnel 
is: 1 chief, 5 measurement-directors, (staff officers or captains,) 20 de- 
tailed offlcers, 10 engineer-geographers, 70 assistant topographers, 
(upper gunners, gunners, and civil assistants.) 

Tke chajftographical department has charge of the publication of the 
maps both on the original or 1 : 25000 scale and on the 1 : lOOOOO scale, 
(the so-called general-staff chart.) The published sheets can be pur- 
chased through the book-stores. The personnel is: 1 chief, 1 officer, 
(staff officer or captain,) 1 technical inspector, 11 draughtsmen, 7 
lithographers, 1 photographer, 5 printers, 4 printers' assistants, and 
in addition a number of comparing workmen. 

The cost of the topographical and chartograpbical departments tor 
1875, exctusive of the salaries and allowances of the officers, was 
470;000 marks, (about $117,500 gold.) 
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The geodetic work is performed by the Geodetic Institate, which is 
under the direction of the miuiatry for spiritual, educational, and medi- 
cal affairs. The Geodetic Institute execatesthe geodetic triaugulationa, 
makes the astronomical observations upon the vertices of the triangles, 
computes the co-ordinates of aslroooinically-determined points, makes 
comparisons of measures, and of levelings and water-mark observations 
for the determiuatiou of the relative levels of the European seas, and in 
addition performs the fniictiona of the " Central Bureau of the European 
Degrees Measurements." 

GEOLOGICAL WOEK, 

The geological surveys are esecuted by the Royal Geological Laud 
Institute, which is under the direction of the ministry of commerce, 
industry, and public works. 

TOPOGRAPHICAL AND GEOLOGICAL <!HABTa. 

Two sheets of the topographical chart smd nine of the geological 
chart, all on the scale of 1:25000, have been sent to this office for 
examination. 

For the purposes of pnblicatiou and reference, each degree of latitude 
is divided into 10 equal parts, and each degree of longitude into 6 equal 
parts, so that each sheet represents an area of 10' of longitude by 6' of 
latitude. The rows of rectangles ioto which the country to be mapped 
is thus divided, are numbered between the even degrees from I to X 
from south to north, and irom 1 to 6 ft-om west to east, and position of 
each sheet is printed on its margin : e. g. -— of latitude, ~ of 

longitude ; range VI, sheet 4. The whole series of rectangles is 
numbered continuously also, and the number of each sheet in this 
series is printed also on its margin. Tbe uumbers of the adjoining 
sheets are printed on the margin at the tour sides. An index diagram 
is printed on the outside cover of the charts. Two scales are di'swn on 
each sheet, one of schritt and ruthen, (the schritt is equal to 2.47 feet, 
and the ruthen to 12.36 feet, ) the other showing the slope of the surface 
in degrees corresponding to a given horizontal distance betweeu the 
level curves. 

The topographical sheets represent, by the usual conventional signs, the 
natural and artiflcial features of the eonntry, with all the detail which 
the scale admits of without overloading. They show the rivers, streams, 
lakes, ponds, marshes, forests, woods, meadows, peat-bogs, mines, rail- 
roads, post and common roads, bridges, trigonometrical points with 
their altitudes, villages, detached houses, mills, toll-gates, brick yards, 
lime-kilns, fences, and boundary -lines of provinces and districts. The 
relief is indicated by level curves at distances of 20 or 25 feet apart, 
according to the nature of the ground. The evi'u hundred-feet curves 
are drawn full and heavy, and their altitudes are written upon them ; 
the intermediate curves are drawn full and ligbt, and their altitudes are 
not writteu. When necessary, extra intermediate curves are inserted, 
and these are drawn broken and light. Abrupt declivities, such as 
gorges, enibankmeuts, Sue, are indicated by hachures. Where the 
country is broken, the exact altitudes of the summits of the hills are 
written upon them. The naraeeof all the principal natnral and artificial 
features of the country are given with sufficient detail, 

TIte geological eltarts are made by properly coloring and referencing the 
above topographical charts. They appear to show very completely aud 
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with much detail the geological features of the oonntry. The different 
formations are indicated by various colors and combinations of colorsj 
and those are further distinguished from each other by being lettered or 
numbered both on the body of the chart and on the index which appears 
on the tuargin. The localities at which borings were made or shafts 
sunk, the positions of mines in operation, and of those which are not 
worked points at which fo&ail animals or plants were discovered, the 
slope of the strata, the points where faults, slips, &c., occur are all in- 
dicated. 

A descriptive text is published in connection with the chart. 

Authorities. — Letter of Mr. Von Bulow, of December 2, 1875, and 11 
maps. 

Uompiled l>y Lieut. P. M. Priob, United States 



The geological survey of the country, t. e., the exact examination of 
the inner compositioo and the constitution of the soil (earth) (Boden) of 
our country, is a problem in which, uot science only is interested. 
, Its results, deposited in geological maps and explanatory descriptions, 
are also of a direct value to the most important interests of practical 
life. 
' In mining, the geological knowledge of the rock-strata is the most 
important guide to the deposits of useful minerals, and the indispensa- 
ble counselor for a successful working (ambeutung) of the same. 

Agriculture and forest management a;'e not less interested in the 
geological examination of the country than mining. 

An accurate knowledge of the composition of the cultivable ground 
and of the nature of its subsoil is the basis upon which they are carried 
on, {Hires betriebes,) and a new geological discovery or the finding of 
new mineral deposits may in the most effective manner influence the 
development of agricnlture. 

Reference may be had to Stassfurth, the inexhaustible source of salt 
tor juanure and for cattle, (dirngsalz and viehsals,) or to the discovery 
of the phosphorite-deposit in B'assan, or to the strata of lignite, with 
the discovery of which the development of the sugar-beet indnstry in 
many parts of the country is so closely connected. 

It will be snffl,cient only to mention in how great a degree the results 
gained by the geological work, the pointing out of the building- mortar, 
cement- materials, &c., benefit building, (bauwes4n..) 

GEOLOGIOAX EXAMINATIONS IN FOEBIGN COUNTRIES. 

The subject of the geological survey and mapping of the country, 
therefore, has in all civilized countries received the care and attention, 
not only of science, but also quite particularly of administrations. 

England has possessed since the year 1835 an iustitnte endowed with 
great means, the Geological Survey of the United Kingdom, which is 
devoted to this subject only. 

Austria followed this example in the year 1849 by creating the K. K. 
Geological State Institnte. 

In the last years a geological state institute for Hungary was founded 



Hosted by 



Google 



27 

in Pesth ; Id Italy the R. Comitate Geologico d' Italia ; and in the kiag 
dom of Saxony, also, ample means have been given by the goyerntnent, 
{landesvertretung,] a short time ago, for the erection of anch an institnte. 

In like manner British East India, the Auetcalian colonies, and nearly 
all the States of the Horth American Union possess special institutes 
for the geological examination of the country. 

In other countries, in France, the South German States, in Sweden, 
Norway, En^ia, this work is not put in charge of a special institnte ; 
but it causes a continued activity and partly very cousiderable expendi- 
tures. 



Among all these conntries there is not one to which the geological 
snrvey and mapping would be of greater importance thaii to Prussia. 

Next to England, it is the farthest ad vaneerl in the opening and devel- 
opment of the natural sources of wealth which are concealed within the 
earth. 

Prussian mining and the management of salt works are developed on 
a large scale and are progressing rapidly ; the value of raw production 
from ttiat source amounted in the year 1870 to 70,500,000 thalers ; in the 
year 1860 to 32,300,000 thalers. The valne of the raw production of the 
smelting- works in 1870 was 142,500,000 thalers; in 1860 it was 63,S51),00O 
thalers ; while the total value of the miuing-prodootious in the Austrian 
Empire, for instance, amounts to about 20,000,000 thalers, and that of 
the production of the smelting- works to about 22,000,000 thalers. 

On the products of the mines and smelting-works a great industry 
of the most varied kind depends in Prussia, the productions of which 
contend for the first place in the market of the Vorld, and which have 
In a large degree contributed to the foundation of the prosperity which 
our country enjoys. 

Particularly, also, the relation mentioned between geological inquiry 
and the improvement of agriculture is of special importanc* in Prussia. 

A very large part of the country is covered by a soil which, in conse- 
quence of its natural poverty, is very specially in need of the supply of 
enriching materials, among which may be mentioned lime, marl, gyp- 
sum, salts of potash, and phostihorite. 

Even the pointing out merely of a solid stone stratum may be of great 
importance for the economic management ( WirtltsekaftUchen Betrieb) 
in many of our northern districts as a source of building and road- 
material. 

PEEVIOUS RESULTS OF TUB GEOLOGICAL INQUIRY IN PRUSSIA. 

The importance of the geological examination of the country for all 
the branches of economic activity has in Prussia been recognized a long 
time ago, and for a great part of the state a comparatively high degree 
of knowledge of the geological peculiarities {verhiiitnisse) has been 
reached just as early as, and even earlier than, in the neighboring 
countries. 

The greater part of the mountain -country haa been geognostically 
surveyed and the results represented on geological maps, which were 
very excellent for the time in which rhey were executed. 

Of the provinces of Bhineland and Westphalia, a general geological 
map, in 32 sheets, on the scale of 1 ; 80,000, has been prepared under 
the direction of Y. Dechen. 
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Lower Silesia has been examined by G. Rose, E. Beyriuh, Roth, and 
Eunge, and drawn in 13 sheets, on the scale of 1 : 100,000. 

The aarvey of Upper Silesia has only beeu completed a short time 
ago nuder the direction of F. Koemer, and represented, also, iu a map of 
12 sheets, on the scale of 1 : 100,000, whieh eomprisL's part of the Rus- 
sian-Polisb boundary district. 

Besides these general maps of extensive parts of the old monarchy, 
and some special representations of individual small parts of the same, 
belonging to the last deoennium, we have, as geological repretieutatioas 
of aomewhiit older dates, a map of Hanover, by H. Jioeiuer, in 6 sheets, 
on the scale of 1 : 100,000, representing the southwestern part of that 
province J a special map of the snrroundings of the city of Hanover, by 
Credner; a general map of the electorate of Hesse, by Schwarzenberg 
andEensse; the geological map of the country of Schaum burg, and 
some other special maps of smaller groups. 

Those parts of the mountain country which have not been newly rep- 
resented in the geological maps referred to are contained in the older 
general maps of Fr. Hofmann, of Northwestern Germany, and of L. von 
Ench, of Germany. 

Evidently, therefore, much has been done for the examination of the 
geological conditions of the greatest part of the mountain country of 
Prussia, and the results of these examinations have partly been made 
accessible for everybody by means of good maps. 

FUTUEE TASKS OB GBOLOGICAi INQUIRY IN PRUSSIA., 

It would, however, be wrong to suppose that the work mentioned 
has sufflciently exhausted the subject for the time being. For, as it is 
shown by the above statements, new general maps are wanting for 
some of the most important parts of the country, e.g. for Nassau, Hesse, 
and a large part of Hanover, A very important task, although until 
now hardly commenced, then remains for the geological atate-snrvey of 
Prussia — the examioation and mapping of the northern plain. 

Formerly the opinion obtained pretty generally that the geological 
examination of districts, the ground of which is formed by loose layers 
of the so-called diluvial and alluvial deposits, could not be of either 
scientific or technical interest, because of its too great uniformity, and 
because where a change is observed in the condition of the deposits, 
this is only accidental and not of a general character. 

Latterly, however, it has become evident that these sands, clays, and 
marls of this so-called alluvium {schwemviland) also divide themselves, 
just like the layers of the older formations, into different snbdivisions, 
which must be separated according to a^e and condition, and that the 
knowledge of the distribution of the different parts are valuable in a 
scientific as well as technical respect, especially for agriculture and for- 
est mauagement. 

The survey and mapping of these territories in a i>roper manner, for 
which there are good examples existing in the geological map of the 
Netherlands by Stauieg, and in the latest works by Dr. Behrend on 
East Prussia, would show itself to be very beneficial for their industrial 
development, and be at the same time of great scientific interest. 

This would especially be the case if an examination of the older 
formations, forming the substrata of the diluvium, as also of tho terti- 
ary lignite-bearing formation, was, by means of numerous borings, 
united simultaneously with the examination of the surface. 
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In tlie case of sneti a methodically- managed examination of the north- 
ern part of the State the discovery of new strata of nsefal minerals 
could not fail, (caving aside the other benefits of the survey. 

The individaal important results of borings obtained in recent times 
at different points — Spereuberg, Inowraelau, Segeberg — open encour- 
aging prospects in that resppct. 

With regard to the future problems of the geological state-snrvey, it 
must be remembered that even the best of tbe existing general maps 
can be recognized only as preparatory work in Cbe direction of a higher 
end, which must be reached, the attainment of which has only just been 
entered on. 

The enumerated geological maps, namely, as valuable and conscien- 
tiously prepared as they may be, are always only quite geueralgeolo g- 
ical reviewing pictures, which indicate the limits of strata in general 
lines only. 

They suffice, therefore, in many cases, for the exigencies of science, 
possibly also for the deduction of approximate conclusions as to the 
rock-stratiflcation for mining purposes, for a general judgment as to 
tiie probability of the ocenrrence of usefal deposits, their continuation, 
etc. 

They are just as little sufficient to satisfy the exigencies of practical 
Ufe, however, as the requirements of strict scientific accuracy and trust- 
worthiness. 

The scale of the existing maps is not nearly sufficient to make a com- 
plete geological picture possible. 

If the limitation of the formations — and that not only of the main 
groups, but also of the individual subdivisions, of particular strata of 
special technical or agronomical importance, or certain occurrences, not 
very extensive but sctentifleally decisive — is to be represented on the 
maps strictly according to reality, it is technically impossible to do this 
in maps of the mentioned scales. 

Considerably greater scales and far more detailed topographical foun- 
dations must be nseil than has been the case heretofore. 

The fact that the geological representations could not, in the manner 
of execution heretofore employed, give such directly useful details, ex- 
plains why the results of geological examinations have not become 
known by the public, which is largely interested in them ; that, on the 
contrary, they and the geological maps remained for the main part the 
property of science. 

To supply this want England has first started in the right direction. 
As the topographical basis for the geological general map of the United- 
Kingdom — consisting of 435 sheets — the map of the ordnaace-snrvey 
has been taken, which is drawn on a scale of 1 -. 63360, a scale exceeding 
that of our 1 : lOOOOO general map in surface 2J times, and therefore ad- 
mitting of a more correct representation. 

Of those districts, however, which show a particularly difficult strati- 
ficatiou or such peculiarities that they contain the basis for a greater 
industrial activity, e. g., the coal-districts, special geological maps are 
prepared on a scale six times as large as the stated one, viz, 1:10560. 

Simultaneously, therefore* an already very clear general map isereated, 
and tbe requirements of practical life are met with auch representations 
as satisty all its demands. 

To follow the example of England is the problem for the future activ- 
ity of the geological state-survey in Prussia, which possesses so many 
analogies with England in regard to the direct influence of the same on 
economic activity. 
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PRESENT PLAM OP OPBEATIONS FOB PRUSSIA. 

The performiog of tliis task has been prosecuted with good results, 
according to the plan designed 5 years ago for the farther geological 
surreys and mapping. 

The principal map is a special map based on the plane-table sheets of 
the general staff in 1:25000, a scale which is in length 4 times, and in 
area 16 times, as large as that of 1 : 100000, heretofore used in preference 
to the general maps. 

As the completion of the special map advances, the resnlts will be 
newly placed together in general maps. 

For the present this system is being carried out in the mountain 
regions, and the plan has been made so that the geological special map 
shall first be pi'epared for those parts of the country of which there ex- 
ists new staff maps, viz, the province of Saxony, the Harz, the Elec- 
torate, the southern part of the iRhenish province, and l^assau. 

In proportion to the completion by the staff of new plane-table sheets 
for other parts of the country, their geological examination will follow. 

Agreements have been made with the Thiiringian governments, accord- 
ing to which their dominions also are being now taken np iu this survey 
in the same manner. 

Of the special maps there are at present 52 sheets completed, partly 
.in print and partly in' manuscript. 

The experience gained in this connection has shown that the scale 
upon which they a-'e executed not only suffices to give a representation 
entering into the most accurate scientific details of the most complicated 
stratification even, but also that the picture given in the maps shows a 
limitation of the strata and kind of soil corresponding perfectly to 
reality, and thereby becomes a trustworthy guide for all purposes of 
practical life — for mining, quarrying, agriculture, and management of 
forests, public works, &o. 

In this very beginning it has appeared that even in the outlines which 
the general maps give, corrections are requisite. 

This can be understood from the fact that the conception and the 
representation of geological phenomena are generally subject to altera- 
tions in consequence of th© advancement of science and of new dis- 
coveries. 

In this respect the geological state survey is a continuous problem, 
the solution of which cannot in any time arrive at a final conclusion. 
Besides this the main reason for the difference between the total views 
(gesammt Jnlder) and the existing general maps (uebmsichts-lcarim) lies in 
the different treatment itself. 

The latter have for the greater part had their origin so that different 
districts have been surveyed independently of each other, and at differ- 
ent times, either through the initiative of individual observers or on the 
instigation of the mining authorities, whose interests are engaged in the 
first place. 

Besides there mostly was a lack of sufBoient assistance for the local 
observaCious, also of time, as jn a short space of time extensive areas 
had to be represented, so that often dissimilar material had to be put 
together iu the general maps. 

In addition, tljey were not treated according to similar (uniform) 
scientific views, nor was the technical execution the same. 
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IffiOEBSITY POE THE FOUNDATION OF A &EOLOaiCAI, STATE INSTITUTE, 

The proper roiid to avoid these drawbacks Las again been first entered 
apoij by England with the best success by placing all the operations for 
the geological survey of the country under the management of a special 
central office, the Geological Survey, founded in 1S35, as stated above. 

This was determined upon in consequence of the conviction that the 
adherence to a plan of operations for the surveys, beginning at the 
most prominent points, and then progressing systematically, and with 
a unitbrm conception and representation of what has been observed 
according to the actual state of science could not be effected in a differ- 
ent manner, and that the ways and means to introduce the scientific 
resnlts in a beneficial manner into practical life also could, by proper 
combinations, be the most easily found from snch a source. 

It has been mentioned above that several other countries have followed 
the example of England. 

Prussia cannot delay longer giving a solid organization to the geo 
logical state survey, if the problems still to be overcome are to be solved 
correctly and early, the great importance of which for the economic 
interests and its great extent have been shown iu the preceding, 

ORGANIZATION OF THE INSTITUTE. 

The next question in organizing a geological state institute is to deter- 
mine whether it is to be an independent institute, or whether it is to be 
united with a similar institution. 

To arrive at a conclusion on this subject it is nsefnl to have reference 
to those two institutions, which, existing a long time, have an acknowl- 
edged reputation, viz, those of England and Austria. 

THE GEOLOGICAL SUBTBT. 

The "geological survey of the United Kingdom," in London, soon 
after its foundation was so organized that the highest establishment 
for instruction in mining, the Eojal School of Mines, was united with it. 

They received a common management and a common building. As, 
third, the Museum of Practical Geology, with a chemical laboratory, 
was added, a collection which consists mainly of two principal groups. 

The first group is designated as that of the natural materials- It 
contains the collection for the geological maps, stones, petrifactions, 
&c.; the useful stones, building and mortar materials, marble, rooflng- 
slate, &c., besides the other usefnl minerals, coal, ores, &c., occurriDg 
in the kingdom. 

The second group, the artificial productions, contains a rich techno- 
logical collection, illustrating in a very complete manner the use (ver- 
arbeitang) of the minerals of the first group in all branches of industry, 
especiallj> in the metaltnrgical, cerainical, and chemical technics. 

Other branches of the museum contain mechanical models of the 
mining and smelting- works technics and some historical material. 

The collection is arranged in the most practical manner to satisfy 
everj interest by which the public, in the most multifarious directions, 
is connected with it. 

Finally, the Mining- Record Office—*, e., the statistical bureau for min- 
ing — is also united with the institute. 

Accordingly, the English institute bas such an organization that it 
expresses the Intimate connection between the science of geology and 
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mining, as also education in mining, the most important bases of which 
are the mineralogical sciences and the whole technological industry of 
the raw piofiucts. 

By the admission of theMining-Eecord Office into the institute the rela- 
tionship between the development of mining and the geological pncsaits 
is also pointed out. 

DIB K. K. GEOLOG-ISOHB REIOHS AKSTALT. 

It differs from the " K. K. Geological State lustitate." It is neither 
in any connection with the mining authorities, nor with a mining acad- 
emy, nor with the university, nor with the mineral cabinet, bi^t is com- 
pletely isolated. 

Temporarily the attempt has beeu made to take a number of the 
young men studying for the state mining-service auaualty to assist at 
the geological state institute. This combination was given up again 
verj- soon, howevei'. 

This institute is connected with a museum. The latter, however, is 
of an exclusively geognostie, paleontological, a.nd mineralogical nature, 
and its contents are, in consequence, strictly scientific, but in this ex- 
clusive direction exceedingly rich. 

OEGAHIZATION FOR PRUSSIA. 

If for the geological institute to be founded in Berlin one of these two 
foreign institutes should be chosen as model, it cannot be doubtful that 
the plan of organization carried through in the geological survey is by 
far preferable. 

Evidently, the intimate conuection between science and practical life 
which is attaiued there insures it the best success. 

That this is so is felt in Austria also, and for some time efforts have 
been made to gain the natural connection of geological work and mining 
by instituting a mining academy in Vienna, in close union with the K. K. 
Geological State Institute. 

CONKBOTION WITH THE ACADEMY OP MINES IN BBELIN. 

The elements of an organization, similar to the EngHsh one, for a 
geological state institute, to be erected in Prussia, are given more com- 
pletely than was the case at the time of founding the Geological Survey 
in London. 

The work of the geological state survey, which is being systemati- 
cally carried out in the manner described above, belongs here to the 
department of the administration of mines. 

The Academy of Mines already existing in Berlin is in a certain rela- 
tion to the geological state survey in so far as the collections belonging 
to the latter are scantily accommodated in the building of the Academy 
of mines, as several of the geologists of the state survey are charged 
with lecturing at the academy, and as the director of the academy of 
mines is referee for the geological stat- survey in the mining depart- 
ment of the royal ministry of commerce. 

A collection corresponding in part, and as a beginning to the musenni 
of practical geology. Is contained in the museum for mining and metal- 
lurgy, which is preliminarily accommodated on ttie premises of the royal 
iron-foundry. 

The different parts require only to be completely united, being at the 
same time perfected and enlarged in order to form an organization 
answering its purpose in every respect. 
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ADVANTAGES OB THIS UNION. 

The advantages of this uniou are evident. 

Both iustitutions, the Academy of JVIines and the Geological State In- 
stitute, have to a great extent; similar wants. 

TliG minerological and geological collections of the Mining Academy, 
of a more ayatematic soieiitiflo nature, are of great advantage as mate- 
rial for Btady and p^mparison to the state survey. 

The topographical geological collections forming themselves daring 
the atate survey from the proof-sped mens of veriacation (als Belag- 
suiten) will, on the other hand, serve as an excellent means of instruc- 
tion for the mining academy. 

The same obtains with the collection of maps and boolis. 

The ministerial mining library in the mining academy, one of the most 
complete geological and technical professional libraries, is ot great value 
to the state survey. 

The laboratories of the Mining Academy can easily be made service- 
able for the various examinations necessary for the geological state 
survey. 

Nest to the advantages of the use in common of the numerous ob- 
jects qualified therefor stand those which are consequent upon the 
working together of the persons to be employed in the two institu- 
tions 

In this respect, it is impossible to lay sufficient stress on the favorable 
iuiinenee exercised on the edaeation of the students of the Mining 
AcEidemy, whether they are preparing for the state service or for private 
industry, when the teachers of the raineralogieal sciences, by participat- 
ing in the labors of the state examination, are accurately acquainted 
wit the results and let them exercise a direct and fresh influence on 
their lectnres. 

It is therefore of the greatest value that the assistants of the atate 
survey are also employed at the academy. 

The order and superintendence of the mutual collections can be 
assigned to them. 

On the other hand, this combination is very useful for the assistants 
themselves, not only in consequence of the contact with the mining in- 
terests which are represented in the academy of mines, but also on 
account of the impulse toward a more comprehensive scientific perfec- 
tion given by the lectures which they liave to deliver. 

And then such a mutual activity of the fellow- workers and the mu- 
tual application of the required assistants, as draughtsmen, office- 
employes, and inspectors, will admit of a saving in expenses. 

The utility of the union of the mnseum for mining and metallurgy 
and the geological state institute and the mining academj needs no 
further demonstration. 

It is sufHcienfc to point out its value as a means of instruction and as 
a completion of the total representation of the products of the 8oil,'of 
the country and of the industry depending thereon. 

For the reasons represented in the preceding, it has been determined 
to found on the Istof January next a Geological State Institute, in organic 
union with the Academy of Mines in Berlin, and thus to create an insti- 
tute essentially similar to the geological survey. 

Its objects have been explained previously. In regard to the execu- 
tion, the following may be mentioned: 
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The importance of tbe aubjeet for economic interests makes it neces- 
sary tbat tlie results obtained by the geological examinations be made 
ac(;essib!e in tbe most general manner possible. 

The specimens oollected dnriug the sarvejs for tbe geological maps, 
and tbe latter themselves, mast therefore be pnblioly exhibited. 

For such an exhibition and for tlie mere accommodation and examina- 
tion of the material collected by numerous observers iu the whole state 
considerable room is requisite, which in a proper form caa be obtained 
only by means of a new building, lor which an exigency exists, which 
is the more iuevitableas the mining academy and the museum for mining 
and metallurgy cannot remain where they are at present. 

Tbe former, temporarily accommodated in the old exchange, is not 
able to permanently satisfy the requirements of instruction and means 
■of education, since enlargements iu the building cannot be made, and 
the building, even, will have to be torn down in consequence of the pro- 
jects for tbe pleasure-garden and its surroundings. 

The museum for mining and metjdinrgy will also have to be moved 
before long, as the premises of tbe royal iron-fonndery will without a 
doubt iind different application. 

For the combiued institute a new common building has therefore 
been planned. 

Hauchecobne, 

'Oberhergraih. 

Translated by F. W. Lehiiartz. 

§4. iNTEdDUCTORY liSMARKS ON IHE GEOLOGICAI, SPECIAL MAP 

OP Prussia and the THUEiNaiAN States. 

The geological map of Prussia and the Thuringian states, of which 
the first 6 sheets have been published, is intended to be, a aoecial map 
in the real meaning of the word. 

The topographical basis for tbe same is tbe fundamental map-work of 
the Prussian staff, the so-called plane-table sheets, whose scale of 
^Tooo '^ ^^ large that all the information gained can be completely 
and acenrately located, and the geognostieal boundaries represented 
with an accuracy tbat will make them correspond exactly to reality. 

The method of equidistant horizontal carves, applied to represent the 
relief at a vertical distance of 25 feet, drawn so that every 100-foot 
curse was a little heavier, in order to facilitate a more ready review, 
makes it possible to accurately locate and read off tbe real heights of 
all points, and, iu comparison with the representation of the relief by 
means of hatching, it offers the advantage of greater distinctness of 
the whole topography as well as of the geological limitation. 

For the geological work the whole topography oF the original surveys 
of the staff is retained, so that the maps in this form ai'e the most ac- 
oarate special maps existing in point ot topography. 

The extent of this map-work will be very considerable. It will, first 
of all, cover the mountainous part of Prussia and of the Thuringian 
states, the govemmeats of which have acceded iu the most accommo- 
dating manner to the workiug-plau, so that it will extend iu the south 
to the boundaries of Prussia and of the North-German Confederation 
as far as they are formed by the boundaries of the Thuringian states. 

Within that extent those districts will be geologically surveyed first, 
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for whiub new maps of tbe staff, representing tbe grouiitl by means of 
equidistant horizontal curves, exist. 

This is at present the case with tlie province of Sasony and with tlie 
East Harz, with the formerly electoral part of Hesse, with the southern 
part of the Rhenish province, and with the Thuriugian states. 

Of the former dukedom of Nassau the plane-table sheets are at pres- 
ent being prepared. 

After their completion the southern part of the province of Hanover 
■will be surveyed in a similar manner. 

In the measure in which similar topographical maps are complHted by 
the staff for other parts of the state, the geological survey will gradu- 
ally be extended. 

At prf sent geological surveys are being executed in the province of 
Saxony, in the Harz, in the Thuringian states, in Hesse, and in the 
Ehine province. 

Assuming as a limit for the time being for the Sason-Thuringian 
group toward the north the parallel of the north border of the Harz 
at Vienenbnrg, toward the east more or less the thirtieth degree of 
longitude, which is not quite reached near Halle and at the Saxon 
frontier, but crossed by the territory of Saxony, Alteiiburg approxi- 
mately just as much, then the Sason-Thnringisiu group consists of ^68 
plane-table sections, each of which coutaius an area of 2J square miles. 

The former electoral Hessian territory contains 112 sections, Nassau 
will contain 55 sections, the southern part of the Rhine province about 
110 sections, the former Hanoverian territory between the Harz and 
Hesse about 30 sections, so that there are here all in all 575 sections in 
immediate connection with each other to be surveyed. 

The organization of the geological surveys is at present arranged in 
the following manner : 

Within the territory, which is to be first begun, the surveys are exe- 
cuted in groups, which connect partly with the special preparatory work 
done formerly and partly correspond to the places of residence of the 
assisting geologists, so that the separate groups will gradually close, to 
become a whole. Such working districts are at present as follows : 

1. The Harz is being surveyed by Prof. Dr. Beyrich and Dr. Lessen. 
The 6 sheets published with this number, which contain the Lower Per- 
mian conglomerate and sandstone, together with the Plutonic forma- 
tion {Eruptiv gesteine) of the district of Ihlefeld and the sublying older 
Hercynian strata, and a part of the belt of magnesian limestone {Zech- 
slein) inclosing the Harz, belong to this group. 

The sheets in question will be followed, from this part of the work, 
by the sheets connecting with the former in the east and extending 
over the older Hercynian formation of the East Harz. 

2. The Thuringian Triassic basin. [THasbecleen,) closing with the Harz 
in the south, is being surveyed by Dr. Eck, Prof. V. Seebaeh, and Berg 
assessor Giebelhausen, beginning with the Ohm Mountain and its sur- 
roundings, between Nordhausen and Gottingen. 

Farther east the nearly-finished special survey of the Kyffhiiuser by 
Prof. Dr. Beyrich, will join. 

3. Tbe porphyry and the Lower Permian formation (Rotkliegende) con- 
glomerate, and the Oarboniferous, as also the diluvial formation of the 
district of Halle, have been examined by Dr. Laspeyres. 

The surveys are being continued by Assessor Giebelhausen, as Dr. 
Laspeyres has been called to the polytechnic school at Aachen. 

4. The south Thuringian Triassic of the district of Jena, Weimar, and 
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Erfnrt is being examined anew by Prof. Dr. Sohmid, of Jeua, who will 
also survey a part of the itmer Thiiriiigiau forest. 

5. The Lower Permian formation and a part of tlie Plutonic formationi 
{MrupUv gesteine) of the West Iharingian forest are being survej'ed by 
Prof. Dr. Koth. 

6. Joining these sections in ihe west Dr. Mosta, together with Prof. 
Dc. Beyrich, surveys the Permian limestone {Zechstein] and Triassio for- 
mations of the Werr.i valley, begiuuing in the neighborhood of Eseh- 
wege and Sontra. 

7. The surveys of the Zechstein formations of the southern border of 
the Thuringian forest and of the Trias of the upper Werra valley are 
being executed by Prof. Dr. Emmrich, of Meiningen, beginning in the 
sections Meiningen, Salznugen, Dorudorf, and the siirronuding sections. 

8. Beginning atSaalfeld, Director Dr. Richter is preparing a map of 
the slate-formation (f^hde/ergebirge) of Thtiringia and of the adjoining 
more recent formations. 

9. The section of Prof. Dr. Liebe in Gera will join to the former in the 
east. 

10. Dr. Weiss, finally, is executing under the special direction of Dr. 
V. Dechen, the survey of the Carboniferous formation of Saarbrilcken. 

As soon as the plane-table sheets of Nassau are printed, the prepara- 
tion of the geological special map will be began. 

In order to insure uniformity in the scientific conception and the 
graphical representation, so many assistants taking part in the exten- 
sive work, one of the co-laborers, Prof. Dr. Beyrich, of Berlin, has been 
charged with the scientific direction of the geological survey and map- 
ping of the Prussian states, and, by the agreements made with the 
Thuringian states, a uniform (similar) treatment of the contributions 
furnished by them for the mutual undertaking has been secured. 

All the finished maps, or those ready to be published, of the different 
assistants, are delivered by the same to the directo y of the geological 
state survey in Berlin, which consists of Prof. Dr. Beyrich and the re- 
ferree for these matters in the department of mines of the royal ministry of 
commerce, trade, and directory of the public works, at present Bergrath 
Hanehecorne, director of the Academy of Mines. 

This central bureau effects the final editing, and after the edited sheets 
have been sent to°tbeir authors tor a last revision and obtaioed their 
assent to the final review, the publication is printed. Of course, every 
one of the numbers when it appears bears the name of the respective 
observer. 

At a meeting of the assistants, which takes place every year at the 
general conference of the German Geological Society, the work which 
has been done is presented and discussed. 

The offices of the directory of the geological state survey are in the 
Academy of kines in Berlin. 

As vouchers for the geological maps a comprehensive collection of the 
stones, petrifactions, and minerals gathered during the surveys isformed 
here, which will become, as it enlarges, a geological state museum, for 
which an organization as a public institute has been planned. 

Heretofore this collectioii has been restricted to Prussian territory. 

Besides, there have been fitted up at the Academy of Mines, for the 
purposes of the geological state survey, a tli aughtaman's office and a 
chemical office in the academical laboratory, standing under the direc- 
tion of Prof. Dr. Fiukener, for the examination of the collected stones, 
minerals, and useful fossils. 
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The flaisbed maps will be publislied in numbers, whieli, like tbe pres- 
ent one, cousist of several contigaoas sheets, and will coutain, as far as 
possible, a complete geognostical district- 
After tbe present number there will very soon follow 12 sheets on the 
district of Jena, by Prof. Dr. Schmid; 6 sheets on the Obm Mountain 
and tbe district of Bieieberode, by Dr. Eck, Prof, von Seebach, and As- 
sessor Griebelhausen ; S sheets on tbe district of Halle, by Dr. Laspeyrea ; 
and 6 sheets on tbe formerly electoral Hessian Triaasic and Permian re- 
gion of tbe district of Bscbwege, by Dr. Mdsta and Prof. Dr. Beyricb. 

There are also nearly completed 6 sheets containing the Kyff hanser 
Mountain, 4 sheets on tbe Bast Harz, uuiting with the sheets now pub- 
lished tbe sections Saalteld and Meiuiugeu, and the first 6 sheets of the 
southern part of the Oarboniferous formation of Saarbrticken. 

Pot several other sections work haia been executed which is far less 
advanced. 

With this state of the preparatory work, tbe publication can take 
place in quick succession. 

The sale of the maps, which has been intrusted to Neumann's map- 
fstahlisbment, will take place so that every section will be sold singly 
for the low [)rice of 20 silbergroacheu, so that, in accord with the char- 
acter of the woik, a special map, not only the seieutifio interest of the 
professional student but also particularly the local interests of the 
farmer, tbe forester, the miner, and of technics generally, may be satis- 
fled as'much as possible. 

For the solution of this problem, it appeared advisable to add an in- 
dependent short text to every sheet, which gives tbe explanations neces- 
sary for the general understanding of the established geognostical con- 
ventional signs. 

This explanatory text will, in this connection, not discuss any scientific 
controversy, nor give literary references, but will confine itself to pointing 
out in Eis comprehensive a manner as possible the local peculiarities of 
every sheet. 

In this manner numerous repetitions in tbe explanations for contigu- 
ous sheets cannot be avoided, even though in tbe more explicit remarks 
in regard to separate geognostical circumstances in the text for one sec- 
tion that of a neighboring section will be frequently referred to, in which 
the respective occurrences appear to be especially developed. 

Besides these short explanations, full descriptions will be published of 
larger adjoining districts, and dissertations on specially important ob- 
servations will be published in tbe form of essays, as tar as there may 
be material for sueli. 

In regard to the position of the separate sections in each number, a 
sketch of part of the total map -territory on the binding of the number 
will give the necessary information, showing tbe plane-table sections, 
according to the general net of the staff, with the number of each sec- 
tion and of the group to which it belongs, and where tbe sections con- 
cerned are made prominent by hatching. 

May the great and difficult work begun herewith furnish a great many 
new discoveries (Bausteine) to geological science. 

May it at the same time approach its second object as much as possi- 
ble, to gain numerous new friends tor the examination of the soil of our 
country and to make this knowledge the common property of all. 

Bbybich Hauchecoehe. 

Berlin, July, 1870. 

Translated by P. W. Lehnartz. 
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§ 6. INSTEUCTIONS FOE THE EOYAi STATE GEOLOGISTS. 

1. The ro.val state geologists have to perform their services according 
to the instructions and under the supervision of the directory of the 
Geological State Institute, 

2. Sphere of business. — The services of the royal state geologists con- 
sist of — 

(1) The local surveys for the geological maps wliich are published by 
the Geological State institute. 

(2) The preparation of the geological maps for the examined districts. 

(3) The preparation of the explanatory text for these maps. 

(4) The scientific work on the petrographical, palteontological, and 
m in era logical material collected during the surveys. 

Besides, the state geologists have to obey any special orders from the 
royal ministry of commerce or the directory of the Geological State Insti- 
tute in regard to the state survey and the respective collections. 

3. The state geologists living in Berlin have to assist as lecturers on 
the mineralogical sciences at the Academy of Mines, and to perform the 
work on the parts of the collections of the Geological State Institute 
which may be assigned to them. They will receive definite instructions, 
in regard to the lectures and the work in the collections, from the 
directory. 

4. Surveys. — The territory to be surveyed each year by the state 
geologists is determined by the directory, according to the plan of the 
worl: and the state of execution at the time being. 

As a rule, the whole summer-semestre, or at least five months of the 
same, is to be employed for the survey. 

A different nse of a part of this time, for such scientific purposes as 
do not come within the scope of the work of the Geological State Insti- 
tute, can be made only after special approval of the directory. 

5. Mapping, — The results of the survey have to be drawn into the 
respective sheets of the map, and must be made into geological repre- 
sentations completely' colored, so that when the whole extent of a map- 
section is completed it can be turned in ready for publication. Even if 
the whole extent of the section is oot surveyed, but only one pa.rt of 
the same, ihat part must be nevertheless filled in with formation-limits 
and geological coloring. 

Particular (Aufsohlusspunkt) maps are to be drawn only of those dis- 
tricts which the directory has specially indicated. 

6. U^lanatiom. — For the geologically -surveyed sections explanations 
must be written. 

For the completed sheets they must be brought into such a form that 
they can be published as text for the same. 

For the sheets that are only partially worked out explanatory reports 
must be prepared in a similar manner. 

Besides the material for the text, notes must be taken, during the 
survey of everything that may be of interest, for the geological archive, 
e. g., boring- records, existing geological preparatory work, profiles, &c. 

7. The executed maps and explanatory reports, as well as the other 
mentioned notes, must be delivered to the directory in the course of the 
month of Decemberof the workiugyear, and certainly previous to thelst of 
January of the following year, in a complete form, accordiugto the above 
directions, sub. 4 and 5, together with a short letter of transmittal and 
a liquidation of the traveling-expenses. 

The maps, whether they be entirely or only partly completed, must 
be handed in clean, drawn on uncat sheets, the explaoations in clean 
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csopy. They are not returned to the authors, hut are destined for the 
amhives. 

8. Verifying collections. — Verifying collectionsof a petrographioul, pa- 
Ifeontologioal, and mineralogical nature are to be made for the districts 
nnder survey, destined for the geological state museum. 

In ihis connection, however, only such occurrences are to be noticed 
as are of a special scientific or collection interest and have a characteristic- 
proof -importance for the respective locality. 

A size of about 7J to lOJ centimeters is to be given to the miueralog- 
ical specimens. 

If within- the section under survey, local collections having ref- 
erence to the same are found, the acquisition of which for the geolog- 
ical State museum appears to be desirable, they may be bought for it 
by the state geologists without further notice, if the price does not 
exceed 25 thalers. Should the price be higher, the sanction of the direc- 
tory will be necessary. 

To develop particular deposits, laborers' wages may be paid, also,. 
however, not to exceed 25 thalers in one surveying period, without spe- 
cial sanction of the directory. 

Original receipts must be taken for purchases, as well as all other 
expenditures for labor, packing, transportation, &c., and presented tor 
settlement at the same tiiue as the traveling-expense liquidation. 

9. The principle must be adhered to that all the scientific material 
eollecte4 during the survey is the property of the geological state 
museum. Upon special instruction of the directory, duplicates for sci- 
entific provincial institutes, universities, &c., may be picked out and 
transmitted by the directory. 

10. Preparation and delivery of the collecHons. — The objects collected 
during the surveys must be arranged during the winter succeeding the 
time of the survey, and provided with labels according to the rules of 
the state museum, and delivered to the directory for admittance into the 
museum. 

11. LiqttidaUon of traveling-ewpenscs. — The liquidation accompanying 
the report on the work done and to be handed iu in the course of 
December must show the number of days employed on the surveys 
and the cash -expenditures, the latter, as mentioned above, with origi- 
nal vouchers. 

After the liquidation an advance may be given out of the {ober}>er- 
ghauptmannscitaftlichen) contingent fund upon special application. The 
application must be made to the directory. 

The above instructions are herewith approved, 

Berlin, August 13, 1873. 

The Minister of Commerce, Trade, and Public Works, 

Dr. ACHENBAOH. 

Translated by F, W. Lehnartz. 
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CHAPTER IV. 

1 1. Mbmoib oh Austrian surveys. 

The K. K. (Austrian) Military Geographical Institute is charged with 
the survey of the whole empire, and of the produetion and publication 
of the maps liased oo the same, and also of the prodnotion and multipli- 
cation of the maps, plans, and drawings necessary for the use of the 
army, with a view to as gTeat general usefulness as possible, and with 
the application of the method of represeutatiou which is the best suited 
for the purpose at the present time ; it also has to furnish geographical 
and topographical aid for other branches of the administration and for 
private enterprises, as far as can be done with the force and means of 
the institute to meet such special requirements withoufc injury to its 
proper object. Tn war-times the institute has to provide the command- 
ers and staffs of the armies and army-corps with maps. Accordingly 
Its work naturally consists of three parts ; the trigonometrical triangu- 
lation, together with the respective astrouomic-geodetical operations, 
the production of the field-sheets, and the drawing of maps, which have 
to take place in this order in the work of the institute. 

It is an army-institute, under the war -department, through the chief 
of staff, and is directed by a general. All the members of the same 
consist partly of officers, military oflftcials, and the technical assisting 
force, non-commissioned officers ; then, for the lower services, of soldiers, 
and also, as occasion may demand, of workmen engaged by agreement. 
It is a rule that officers are employed for the seieutiflc and field work, 
(triangulation and map-production;) for the purely technical work, how- 
ever, ofBcials, although this rule is subject to modifications. 

The officers and officials of the institute draw a fixed salar.v, advance 
in rank and salary according to their categories, when vacancies occur, 
and, in ease of their being disabled for service, they are entitled to a 
pension. The vacancies occurring in the lowest grades of the technical 
officials in consequence of such promotions are filled from the ranks of 
the army or from the contract- workmen, for whose engagement from 
civillife the directory of the institute isauthorized, according to require- 
ment and disposable funds, for a compensation fixed by agreement 
The candidates for such places must be healthy, and must have passed 
for this purpose a technical examination with good result, after which 
their appointments, upon the recommendation of the directory of the 
institute, are made by the war department, 

The institute consists at present of the following departments : 

1. Adjutant's department. 

2. Military triangulation. 

3. Military-map production. 
4. 1. Group consisting of — 

a, topographical department. 

b, lithography. 

c, copper-engraving. 

d, topographical school. 
5. II, Group consisting of — 

a, presses, bookbinding. 

6, gal T a no plastics. 

c, photography, photolithography, and lieliog: 
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6, Map correction and revision. 

7. Arcbives and library. 
S. OoDSamptioD of maps. 

9. Oouiiuission of admiuistiatioii and accownt-offtce. 
10. Non-commissioned officers' depaitmeut. 

1. adjutant's department. 

Tbis consists of one captain as chief, who is aided by a second officer 
for assistance in his work and by six non-commissioned officers to do 
the current writing and forward the manuscripts and maps. 

It receives all the maiinacripts sent from outside or from the Jepart- 
meuts to the directory of the institute, where they are recorded and re- 
ferred to the respective departmental chiefs, or to the directory of the 
institute. Besides, the adjutant's department keeps a record of all per- 
sonal matters, and of all papers bearing on the relations of position and 
service, and disposes of the same in the proper manner. 

The number of official documents annually amounts at present to 
about 34,000. The number of those official documents sent out annu- 
ally from the directory to tbe difierent departments of the institute 
amounts to about 13,000 j 4,000 official letters and about 2,000 packages 
or rolls with maps for tbe city ; 10,000 official letters and 13,000 pack- 
ages or rolls with ma))M, and 1,000 money- pack ages, with about 400,000 
fl. o. w., sent out of the city, (nach auswarU.) 

2. MILITAKT TRIANftULATION. 

This department consists of 1 higher staff officer as director, 1 staff 
officer as representative, 8 captains, 14 first lieutenants, 6 lieutenants, 
and 3 non-commissioned officers as observers and computers. 

For the fleld-work tbese individuals are formed into parties of 2 to 3 
ofBcets, (1 trigouometer and 1 to 2 assistants; for base- measuring gen- 
erally, 4 to 5 officers,) and each party is assigned to a special field of 
work. 

The military triangulation is charged with the execution of the trigo- 
nometrical field-work and computation as bases for the succeeding 
graphical military state survey and for the cadaster,* as also in part for 
the scientific purposes of the European Oradmesstmg, which is now in 
progress. The latter falls within the extent of tbe monarchy in its 
astronomical part in charge of the commission of surveyors and astron- 
omers, appointed by the K, K. administration, and to which the director 
of the triangulation also belongs, under whose special direction the 
geodetical work of the Gradmessung is executed, that falls to the care 
of the institute. Two officers of the triangulation-division have been 
assigned to that Gradmessung's commission as assistants and com- 
puters. 

Tbe other work of the triangulation-division consists of the execution 
and computation of a net of triangles of the first and second order, cov- 
ering the whole monarchy, together with tbe necessary measuring of 
basfs, determinations of latitudes and azimuths at points selected for 
that purpose in this net of triangles, and iu the formation and compu- 
tation of an interpolated net of triangles of tlie third order for the use 

* Tb ie is a department of tbe finanoe-mmistry which ooaduota tlie cadastral triau- 
gnlation, and the state snrvey of tbe cadaster, baaed thereon, od the scale of jaVi, 
for tbe parposo of docerniiniag the gronDd-tox, uot paying attention to irregalarities 
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of the state survey, the augle-points being determined io a horizontal 
as well as in a vertical sense.* It consists furthermore of the computa- 
tion of the geographical positions and polar coordinates of the augle- 
points ; the precision-levels, execnted with special ly-constr noted level- 
ing-in strum ents for the European Qradmemung, astronomical determi- 
nations of positions, and measurements of heights by means of aneroids 
in neighboring conntriea which have not yet been surveyed, together 
with descrfi>tiots of routes and of military reconnaissances; the com- 
putation and constrnction of the new sheets for the degree-map,t and 
the special maps of Austria-Hungary ; the computation of the rectang- 
ular co-ordinates of all the corner-points of the military sections neces- 
sary for the production of the fleld-sheets, so that the outlines of the 
survey sections can be given ac(sordiiig to degrees and constructed ; the 
compilation and publication of the astronouiic-geodetical work, executed 
for the purposes of the European Grad,messv,ng, as well as the levels 
and tlie remaining tri angulations. To execute these works the triangn 
lation directory has at its disposal the following instruments : 

One fixed transit telescope, with straight telescope of 1™.32 focal dis- 
tance and 79"™ aperture of object-glass ; 

One large universal -instrument, with broken telescope, with 53™" 
objective aperture, and 60 and 90 fold magnifying power; horizontal, as 
well as vertical, limb has 3i«™ diameter, and two microscopes, permitting 
the reading of 1 second and the estimation of fractions of the same ; 

One large universal -instrument, with broken telescope of 46"™ object- 
ive aperture, magnifying 60 and 90 times; the aaimuth-limb has 31''™.6, 
the vertical limb 26'"'' 3 diameter; each has two microsoopes, admitting 
of directly reading off 1 second and estimating fractions of the same; 

One large universal -instrument, with telescope in the axis, objective 
aperture 46™", magnifying 40 and 60 times. The 2 limbs have diam- 
eters of 26™ .3, and have each 2 microscopes, with direct reading of 1 
second ; 

One small universal instrument, with broken telescope; limbs of 13'"''.2 
diameter, with 2 verniers, giving a direct reading of 10 seconds; 

One small universal instrument, with broken telescope. Botli circles 
have diameters of 10°™.5, with 2 verniers reading to 20 seconds; 

One small universal-instrument, with telescope in the axis. The 2 
circles have diameters of 1™.^ and 2 microscopes, giving a direct read- 
ing of 5 seconds ; 

Two large portable transit instruments, with broken telescopes of Oe™" 
objective opening, magnifying 60, 90, and 120 times ; one has a striding, 
the other a hanging level ; 

One small portable transit-instrument, with broken telescope 46""" ob- 
jective opening, and striding level; 

Five theodolites of new construction; telescope can be reversed; 
horizontal circle has 26™, vertical-cirole 21*'™ diameter; both movable, 
and each with 2 microscopes giving a direct reading of 1 second; 

Two theodolites of equal construction as the previous ones ; horizontal 
circle with diameter of 21"°, and vertical circle with diameter of SO"" ; 

One repeating theodolite of old constructiou, horizontal circle 31™, 

*For the esteat gf the former, now abolished, military bonudary, (ifiKfarjrense,) 
the triangalatiou and oomputation. bureau of the inntitabe hod also to flx a net of trian- 
gles of the third aad fourth order for the wurks of the eatlaster. 

f Ever^ whole sheet of tlie dej^ree-map ooniprisea 15 minnteB goographical latitude 
and 30 niiDnttis geocntphical longitndH, by the niendiaus and parallels of whluh it ia 
bonoded in the form of a trapezoid, and ooiitains 4 military survey-sections. It is 
drawn on the scale of TiriniTit ^'^^ 'b provided at the ends of the borders with num- 
berB which indicate the lon^tudea and latitudes of the boi-der-lines. 
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with 2 uiicroscopea ami direct reading to 1 secoad; the fixed vertical- 
circle has 22™, with 2 verniers, giving a direct reading of 10 secouds; 

Two repeating theodolites of similar constroctioQ as the previoaa 
one, but the horizontal limb has 26=™ .3, and the vertical-limb 20™ diam- 
eter. 

With the exception of the fixed transit-telescope, all the previonsly- 
mentioDed instruments are from the mechanical establishment of G. 
Starke, at Vienna. 

One repeating theodolite, of Ertel, in Munich, horizontal circle 2..™, 
vertical circle 19<=™ diameter, each with 2 microscopes and direct reading 
to 1 second ; 

One repeating circle, by Borda, of about 40°™ diameter, not need eiace 
the year 1859; and 

One old non-repeating theodolite, by Beichenbach, with horizontal 
circle of 21"™ diameter, and vernier reading, not used for a long time; 

Two Gauss's heliotropes; 

Four Starke's heliotropesj 

Thirteen Bessel-Baeyer heliotropes; 

Two Steinheil's heliotropes; 

One base-measuring apparatus, after Delambre, contains 4 iron rods, 
each 2 toises long, 1 plumbing arrangement, and a leveliug-instrumeut, 
&o. ; 

Eight leTeling-instruments for precise levels, by G. Starke; 

One aatroDomica! clock, by Molyneux, with mercury compeneatiou; 

One astronomical clock, with gridiron compensation ; 

Eight traveling chronometers; 

One standard mercurial barometer, after Fortin and Gay-Lussac, by 
Kapeiler ; 

Aneroids and thermometers hi great number, likewise scales, measur- 
ing-tapes, &c. ; 

One magnetic theodolite ; 

One inclinatorium ; 

Two pyrheliometers: 

A special observatory in the biiildjug of the institute for practicing in 
the use of the instruments and in obsei'ving, 

3. MILITAEY-TOPO GRAPHICAL DKPAET5IENT, (MAP-PBODUOINa DE- 
PAETMENX.) 

It consists of 1 higher staff-officer as director; then of 16 topographic 
divisions, each of which consists of 1 staff-officer or captain as subdirec- 
tor, 8 officers as topographers, and 1 non-commissioned officer as clerk. 
Every subdirector, or topographer, has assigned to him for the time of 
the field-work 2 soldiers, {in case of need 3 or 4,) as laborers. 

The military-topographical direction supervises also the military 
drawing and pantograph divisions, the first of which consists of 20 to 
24 officers, and the latter of 10 officers and 20 non-com'missioued officers, 
and both are superintended by a staff' olHcer as representative of the 
topographical director. 

The object of the military drawing division is, in the first place, to 
further educate officers of the army who have a sufficient elementary 
knowledge in drawing and mathematics in those branches of science 
which are necessary for carrying on the military survey. Those 
branches are, lower geodesy, topographical drawing, knowledge of the 
earth's surface, tactics, besides exercise in the use of surveying-instru- 
ments and in the necessary height-computations. Here also corrections 
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are made in the original sheets, for example, iii the case of streetSj rail- 
roads, &c., according to newly-obtained data, newly -measured heights 
and lines of equal altitude are drawn in, and modeling work according 
to relief-drawings is prepared. To assist iu their better education the 
pupils hear daily lectures delivered by the staffoffluer representing the 
topographical director, and at the close of the year they mast assist in 
a six weeks' survey for praetice. 

The object of the pantography is, to prepare graphically, on the scale 
of the survey, the section- borders, or the borders of the surpey-sheels, 
according to the computed degree-map sheets; to redu<« into the same 
the cadastral maps drawn, without relief, on the tenfold suaSe of the 
military- survey sections, to the scale of the survey : to draw, iu a pre- 
paratory manner only, the roads, towns, cultivations, &c. ; partly to color 
them after the trigonometrical points have been carefully plotted by 
means of rectangular co-ordiuatee ; then to prepare the parish bound- 
ariea and descriptions. 

The work of the military-topographical department consists of the 
graphicalBurvey of the coautry, and the military description of the same, 
namely, iu regard to the first, in regions where there are no cadastral 
surveys in existence as yet, it consists of a completely new survey, and 
where cadastral surveys have already been made, in a survey on the 
basis of the pan tographioally reduced cadastre-maps; in both cases de- 
termining numerous elevations by means of special height-determining 
instrumeuta. 

All the state surveys are plotted on the scale of 1:25,000, except in par- 
ticular cases — for instance, large cities and their surroundings, manoeu- 
vring and camping grounds, &c., which are drawn on the double scale, 
igloo within such borders as the arrangement of the map, according 
to degrees on the one hand, and the size of the sheet on the other, de- 
mand, in quarter- degree map-sheets. Where cadrastral surveys do not 
exist, and where, in consequence, such cannot be used as bases for the 
state survey, the topographical department receives the distances of 
certain fixed points, determined by means of a stronomo- trigone metrical 
operations, and computed by the triangalation -division, together with 
their elevations, to such an extent that every quarter- degree map-sheet 
usually contains three, or in the worst case at least two, such fixed points, 
■with one or two (even if beyond the border of the sheet, yet close to the 
same) third or third and fourth ones, all being well situated and inter- 
visible. Such a quarter-degree map-sheet, denoted as northwest, north- 
east, southwest, southeast section of the respective degree-map sheet, 
is fastened on the plane-table, and the survey completely executed on 
the same on the basis of the trigonometrically-determined points, which 
have been plotted on the sheet, beginning with a triangulation with sta- 
tions determined by the topographer himself, (nach selbst-gewa'iltm Punk- 
ten.) 

When the cadastre-surveys, executed ou the larger sc-ale, can be used 
as bases for the military state survey, then the degree-map sheets are 
plajined accoKling to the survey-scale, the skeleton contained in the 
cadastre-sheets is, by means of the pantograph, carefully reduced and 
drawn into the same, making use of the carefnlly-plotted trigonometri- 
cal points, and these reductions, drawn in pencil, distribated among the 
topographers in section -quarters. Accordingly the graphical triangula- 
tion of the topographer becomes unnecessary, in so far as it will be re- 
quired exceptionally only, for the determinations in the horizontal net, 
when extensive corrections are shown to be necessary. Special points, 
the absolute heights of which it has been found necessary to determine, 
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are, however, in this ease, also established by triaDgalation. The to, 
pographer has, therefore, in reality, only to mate a revision {Beam- 
bwHrung) of the skeleton, changed since the cadastre survey, and to plo- 
the ground-irregularities at sight, together with the height-determinat 
tions; during the winter-months, however, the complete draughtiug of- 
the anminer'a survey has to be executed. 

The basis for the height-determinations is given by the results eom,- 
puted by the triangulatton-department. Based on the trigonometcically- 
determined points of elevation, the topographical subdirector, within 
the limits of his division, determines with his universal instrument, foe 
every topograpliar, sueh a number of well-controlled points that he may 
be enabled to interpolate any number of new points of height. With 
the universal instrument zeoitU-distances are measured, from which the 
differences of height are computed. The horizontal distances needed 
for this purpose are either computed from the triangle observed with 
the universal instrument, or are carefully taken from the sheet with the 
dividers. Every topographer is provided with a small instrument for 
measuring heights, with which he can, like the subdirector, determine 
and compute the required differences of elevation. Besides this, the 
topographer has good aneroid barometers by Naudet at his disposal, 
for measuring heights in woody regions. In this manner, there are, on 
an average, at least eight well-distributed heights determined per square 
kilometer, which the topographer makes use of, in order, during the 
winter, to plot lines of equal elevation, 100 meters apart vertically iu 
one manner, and 20 meters apart vertically in another manner, in red 
brown color, on the basis of these mciisured. heights and of the lines of 
greatest inclination that had been judged of by sight and sketched on 
the ground. The execution of this work is the summer occupation of 
the topographer, which period extends from May 1. to the end of Octo- 
ber. 

Each topographical division remains during the winter in one of the 
principal towns of its district, or of the district assigned to it for the 
following year, where, in November, it begins the winter-work, which 
consists of the oonstructiou of the contour-lines and the complete clean- 
drawing in color, aecording to the adopted conventional signs {naeh 
dmn bestehinden Situations- Zeiclmungsschlilssel) of the country sur- 
veyed during the summer; the hachure of the irregularities is done in 
black, according to the established shade-scale iti the manner of Leh- 
mann. 

An experienced topographer can survey during the summer months, 
according to his aptitude and to the nature of the ground, on an average, 
from 350 to 500 square kilometers, with about eigbt height- determina- 
tions per square kilometer ; on the double scale about 160 to 230 square 
kilometers, with about 17 heights. per square kilometer; compute tlie 
measured heights, and plot the same in winter. 

It is the duty of the topographical director to conduct and superin- 
tend the uniform execution of the survey, strictly in accordance with 
the existing iustructions, subject to the deciding influenceof the directory 
of the institute, for' which purpose he inspects all the divisions during 
the summer, and carefully examiues the elaborate maps of the topog- 
raphers, already revised by the subdirectors and forwarded to the 
directory of the institute at the close of the winter, and reports upon 
the same to the directory of the institute. He is, moreover, charged 
with the appropriate distribution of the districts to be surveyed, to the 
subdirectors, the direction of the officers' drawing-school, and the pantog- 
graphy. 
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This is ehargeil with the reduetiou of the railitarj' surveys to the scale 
of the m-aps, the preparatioii of the drawings required for the heliog- 
raphy, as well as all other map-drawings, and the direct (nnmuttelbare) 
engraviug of maps on stone and on copper, and ftually the correction of 
the heliographically prepared plates. This consists of 1 higher staff- 
officer as chief of group, 1 staft-officer as chief of the topographical 
division, 3 officials with analogous rank, as chiefs of the divisions of 
lithography and of copper- engraving, and one captain as chief of the 
topographical school, together with the requisite assistance. 

a. Topographioal division. — Sixty individuals, partly officers, partly 
officials, partly non-commissioned officers, are employed in the same. 
Its office is, to furnish drawings so that they, according to their purpose, 
may serve either as hand- drawings or for the difl'erent manners of repro- 
duction, as heliogTaphy, lithography, copper-print, photography, photo- 
lithography, &c. 

b. Lithography. — Here the stone-plates are completely prepared for 
the print, on the basis of direct or photolithographically prepared 
tracings, (pausm,) in the various hinds of lithography, either engraved, 
or in autographic ink, or in chalk, &c. This division is conducted by a 
technical superior official, under whom are lower officials and uoncom- 
missioued officers. 

c. Oiypper-engraving. — In this division, which is also conducted by a 
techniial superior official, 24 officials and non-commissioned officers are 
employed. They have to make the correiitions in the copper-plates pre- 
pared heliographically, engrave the graduation (gradirung) and the 
scales, and make the required corrections in the lettering and in the 
skeleton. Besides that, they have to make the additions and corrections 
in the copper-plates prescribed by the revision and the correction. 

d. To^grajihical school. — In this there are at present occupied 75 offi- 
cers or non-commissioned officers under direction of a captain, part of 
■whom are now occupied in the drawing of the skeleton, and the other 
part with the representation of the irregularities of the ground for the 
new special map of Austria- Hungary. Its object is to develop draughts- 
men competent to furnish drawings which are perfectly fitted for helio- 
gravure, and who will in future independently execute such drawings 
themselves. Drawings from which a good heliogravure shall be obtained 
must be drawn with quite black ink and sharp edges. The paper must 
not have suffered any noticeable damage in consequence of erasures. 
Draughtsmen who work for the heliogravures must, therefore, be par- 
ticnlarly well schooled. 

Of the state survey on the scale of 1 : 25,000, where four survey-sections 
form one degree map-sheet, a copy on the scale of 1 : 60,000 is prepared 
for the topographical draughtsmen, who use the same to draw the special 
map-sheet on the same scale, and thoroughly in black. This original 
drawing, executed on a whole undivided sheet, is photographically re- 
dnced.to the special-map scale of 1 : 75,000, and of this photograph the 
heliographical copper-plate is made. On an average, it may be assumed 
that by an experienced draughtsman ohe degi-ee map-sheet in 1 : 60,00u, 
quite black, will be finished in ten months. In the execution, however, 
the lettering and horizontal net ie made by one and the drawing of the 
relief by another draughtsman, 

n GEOTTP, 

This is charged with the technical reproduction of the maps and with 
the execution of all the trials { Versuche) and other technical operations 
in that respect. It consists of one higher technical official as chief of 
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the group, and 2 subordinate tecbnical superior officials as chiefs of 
divisions, aud of the required number of officials and other technioal 
assistants and non-commissioued ofBcers for the manipulations. 

a. Freases and hook-binding. — This division is under a technical supe- 
rior official, who is its chief, and employs 100 persous, who are partly 
steadily eniplojed (have a fixed appointment) and partly employed by 
contract. Two steam [scknell) and hand presses are busy almost with- 
out interruption, with which there are produced annually 625,000 prints, 
of which the lithographic prints are propoitioned to the copper prints 
as 11 to 1. 

b. Qalvatio-plastie. — This is under a subofficial as master, directly under 
the chief of the group, and occupies 22 individuals, who are partly on a 
fixed salary, aud parily non-commissioned offl-Cers assigned to this wort. 
It has to cover the heliographically- produced copper-plates with a thin 
layer of st-eel, for the purpose of making it more durable in ease of need 
to multiply the same, and to galvanically fill out with copper those parts 
of the completed copperplates within which alterations or corrections 
occur, so that in those places the requisite additions and corrections can 
be made by the copper-engraver. In the course of cue year there are 
about 600 high and low relief plates of different sizes prepared here. 

c. Photography, — TViis division is charged with the multiplication of 
the topographical surveys, drawings, and other similar originals {Yor- 
lagen) by making exteuded use of — 

Silver- photography, (when the want of copies of the military -survey 
sections is limited ;) 

Photography in printers' ink or coal, (to make permanent copies of the 
survey -sections for special purposes ;) 

Photolithography, (for the reproduction of such maps and plans, mostly 
surroundings, ( tingebungspldne,) which are not subject to a correction, 
aud must be made ready in the shortest possible time ;) 

Heliogravure*, (for maps which are intended for continuous use and 
must be kept corrected.} 

Besides these, in rare cases use is made of coal-photography and 
chromolithography. The kind of reproduction is dependent also on the 
state of the original and the requirements to be made of the same. 
Under the direction of a superior official there are annually produced by 
40 officials and non-commissioned officers about 1,700 photographical 
glass-negatives tor copies on paper, partly for transfers on stone, cop- 
per, and zinc; nearly 5,700 photographical silver copies, for immedi- 
ate want; 1,-100 degree-map sections as unchangeable photography in 
coal, for use of the army in the &eld ; nearly 100 photographic copies 
(pawsett) on stone, for lithographic engraving, and nearly 240 helio- 
graphic plates for the special map. 

6. MAP CORRECTION AIO) REVISION. 

A Special correcting office in charge of a staff-officer attends to the 
addition of all changes in the railroads, as also in new or altered roads, 
&c., which they have to add to the original survey-sections, as also 
to the original map-drawings, and then turns over the corrections made 
to the lithographic and copper-engraving division for correcting the 

* By thia proceas, wbioh is still a state secret, a copper-plate ia witblo six weeks 
obtained direotly from the black drawiug, so that it is reailv for tke print with the 
oopper-printiug preaa. The first work produced by heliograpliy is the general map of 
Central Europe, which is prepared by the print ol two plates, (one for tbe skeleton, 
the other for tlio i^coand, tcirain.} For the saving of time and expense, it is repriated 
oil stone for publioatioD. 
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stones and plates. The corrected priuts are again sent back to the 
correcting office for approval or renewed correction. Two officers and 
four teclinical officials are employed liere. For the revisioQ of tbe orig- 
inal drawings of the special map there are employed, in addition, five 
officers t-o revise the maps drawn in the topographical division, espe- 
cially with reference to the correct application of fhe conventional signs 
and of nomenclature, previous to their transfer to the reproducing 
division. 

■ 7. ARCHIVES AND LIBRARY. 

This division ia charged with the acquisition, collection, and deposition 
of all new book and map worksof interest in thia connection, {einseklagig ;) 
also, with the delivery of the same to the different divisions for ref- 
erence, {Disnstgebrctneh, ;) with the exchange of home publications with 
those of foreign states; the acquisition, testing, and delivery of the 
iustruuients for triangnlation and topography; with the testing of the 
aneroids coming into use, aud the preparation of the respective tables 
of corrections ; the presentation of the results of the examination of new 
instrnments and apparatus; the compilation of the annual reports oa 
the work done by the institute. It consists of one staff'-offlcer as chief, 
two officers, two non-commissioned officers, and one army servant. 

8. CONSUMPTION OP MAPS. 

Besides the different booic and art establishments home and foreign, 
which are charged with the disposal of the maps produced by the 
Institute, the Institute has a depot of its own in the city, where the 
maps can be obtained by everybody. This depot is in charge of a cap- 
taio, who hiis one non-commissioned officer and one servant for the 
manipulatious assigned to him. 

9. MANAGEMENT AHD AOCOUHT OFFICE. 

The cash-account (Oassa-GesoAw/if) and the management are conducted 
by commissions specially formed for this purpose from the employes 
[Personalstawle) of the Institute. Each of the commissions is composed 
of three members, viz: the cash-commission, of the director of the Insti- 
tute as president, and two staft-offtcers ; the commission of manage- 
ment, of a staff-ofBcer as president ; besides, of a captain and the direc- 
tor of the account-office. 

The latter is the economic-administrative adviser of the director of 
the Institute, as well as of the commission of management. 

The cash-commission is charged with the disposition of the money in 
gross; and to conduct the cash-business in the daily and small affairs, 
a cashier's office is set apart, which is superintended by a captain. 

The commission of management is charged, subject to the approval 
of the director of the Institute, with providing the Institute with all 
requisites, as money, materials, &ic., and with the sale of the products 
of the Institute. 

The account-office, subject to special instructions in regard to accounts 
and to demeanor, (Qebekrung,) performs the service of book-keeping, in a 
mercantile sense, and is therefore also to be looked upon, together with 
the office for state property, as an economic-administrative executive 
orgran of the director of the Institute and of the cotnmission of man- 
agement. 

It consists of a captain- account keeper as director of the office, of two 
lieu ten ants-account- keepers, six aecouats-assistauts, and three clerks. 
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10, KOH-COMMISSIONED OETICBRS' DITISION. 

Similar to the officers' drawing division, tUere also exists a division 
composed of forty well-behaved and sufficiently advanced non-eommia- 
sioned officers or soldiers of the K, K, army, iu charge of a captsun, 
who are here instructed in lettering and the representation of the 
ground and relief, and prepared for their future employment in dififer- 
ent divisions of the Institnta 

Ooncemiog the representation of the objects, the key to the conven- 
tional sigus (SitvxttionS'Zeiclmungs-Rehlussel) adopted for the topograph- 
ical divisions is added in the appendix, and the further explanations of 
the maimer of representation of the pablisbed maps is shown on each 
of them. 

In regard to the samples of maps, ifc is further remarked that every 
year In July, the newest products of the Institute are sent through the 
K. K, Imperial War Department and the K. K. Ministry of the Exterior 
to the Smithsonian Institute in Washington. 

The salaries (Personal Demge) of the persons employed in the different 
divisions of the Institute, aud the expeuditure of materials, are shown 
in the annexed statements. 

K. K. GEOa-KArHICAL INSTITUTE. 

Stateinetit showing the aiaoaat of Toone// expended in one year for lariting and drav>itlff vta- 
teriaU, chemicals, paper, and imtmments,4'C;andof the expendttures for management and 
other purposes : 
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CHAPTEE V. 

§ Notes on Italiam Geodetic and Topogeaphic Surveys, 
chaetography from 1r15 to 1861. 

Iq tbis period of considerable length we have few copies of real 
Italian topographical works to be proud of. The principal maps of the 
Italian territory belong to Austria, which certainly was interested in 
having a detailed and correct topographical chart of Italy. But if 
Austria initiated it in the more important works of Italy, and in the 
greater part of the best publications, it is not less true that the greater 
part of this merit is due to their scientists, who belonged to the flourish- 
ing "Deposito di Guerra" of JMllan, reorganiKed when the Anstrians 
took possession of Lombardo-Venetia as the "IstitateGeografico," and 
remained in the metropolis of Lombardy till the year 1839, after which 
it was transferred to Vienna, and enlarged, became that famous Geo- 
graphical Institute so welt known, in which Italian artists were always 
employed. 

Still, the other states of Italy did not remain idle ; some very precions 
wort came to light, and more could have been done by Piedmont and 
Naples if the political events had not disturbed the minds and aims of 
all from the quiet work of science and art. However, hereafter we will 
enumerate what has been done on the Italian soil, not only from oar 
Initiative, but from the Anstriau. 

A. Kingdom of Sardmia. — Piedmont was not witbout topographical 
elements, but they were not published. They were gathered before the 
French revolution by the topographical body existing then. Probably 
they were the manuscripts used for the composition of a new edition of 
the map of Borgonio. 

During the period of the French domination and of the fighting of 
that era, the topographical works were suspended entirely ; the Senate 
and Government retired to the isle of Sardinia. 

In that period of time some copies were executed by the French and 
Austrian officers, but they naturally remained in their hands. 

Suddenly, after the return to Turin of the House of Savoy in 1816, 
the continuation of a general map of the kingdom was ordered. And 
though the work for the grand triangulation was not resumed, yet they 
began the topographical survey. The two Eiviere, the Oanavese, the 
Montterrato, the county of Nizza were snrveyed, part with the plane- 
table and part with the compass. Afterward they found themselves 
without means, and thought of using the cadastral maps for all the 
other provinces where the tax-maps existed. 

Those cadastral maps, reduced to the same scale and carefully in- 
serted in the trigonometrical nets that were in progress, were examined 
and completed on the ground, but in the elevated region of the mount- 
ains those documents were also defective, and for them there is not 
correct topographical material, bnt only the results of a reconnaissance 
without instruments. 

The work proceeded with assiduity and correctness, so that by the 
end of 1830 all the provinces of the country were run through, and the 
trigonometric nets extended all over its soil. Then they commenced 
the formation of the projected map on the scale of soouo' This had to 
be composed of 94 sheets. The copies were drawn, in water-colors, in -|ost9d bv 
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tlie office of the staff, and the number of sheets was reduced to 91. The 
publication of so extensive an atlas lasted several years. In the mean 
time tbe army and the public administrations were left without a cor- 
rect official topographical map, Dot being able to consider as such that 
of the royal engineer, Giuseppe Momo, constructed and published witU 
old elements in 1819 on the scale of about 5xA"5iT' "^^^^ ™*P ^^^ *'"' 
little detail, though well delineated and well printed. Therefore they 
thought of forming, by meana of deductions from the data gathered, a 
chorographical map, on a scale of ^j-g'oijo- "^^^ project was carried out, 
and between 1841 and 185L the beautiful map of ^sihTTV'< i° ^^^ sheets, 
engraved on copper, appeared. It is a very valuable document, not- 
withstanding the high mountains were not based upon correct data. 

The topographical maps of ygJop were then successively published, 
but by a simple lithographical method, in consequence of the lack of 
artiste and the urgent demand tor such documents. This publication 
began in 1851 and continued till 1870. The sheets, before being pub- 
lished, were corrected on the ground. 

During this long period some other works and publications were car- 
ried on and completed. We will enumerate several of these topograph- 
ical works. 

In 1835 a survey on the joW scale was undertaken of the maritime 
Alps, employing the pretorian plane-table and the stadia telescope, 
The elevations were represented by horizontal curves. This work was 
continued for several years, till they accomplished the survey of all the 
county of Nizza. But, on account of la«k of means, an order interposed 
in 1851 and suspended that work, as it was excessively expensive. 

In the years 1854, 1855, and 1856 were made some surveys, on the scale 
of tu^jff' ^" *^® vicinity of Fenestrelle, for the purpose of giving prac- 
tice to the scholars of the staff-school. And in tbe year 1857-'58, with 
the same idea, and on the same scale, was executed the survey of a part 
of the high valley of the Stura. 

In 1857 the survey of the territory between Casale, Alessandria, and 
Stradella was also begun on the scale of igJoo- "^^^^ work was not all 
published. 

With the same publications there ia a chorographical map of the isle 
of Sardinia that has some merit. It is in two sheets, engraved on cop- 
per, and on the scale of 55 oV^s- ^^^^ beautiful map, based on a trigono- 
metrical net, departing irom two bases, measured — one at Oagiiari, th& 
other at Oristano — is the work of a private individual, General Alberto 
La Marmora, of whom we have already spoken. The map was given to 
the public in 1845, and it is tbe only existing one of any value of that 
island. 

Among the publications of less value we will mention the beautiful 
map of 5ie country surrounding Bacconigi, comprising one sheet, en- 
graved on copper, on the scale of ^u^^tj, and the map of the territory of 
Saint Maurizio, also on copper, of one sheet, and on the scale of j^^d g, 
and published in 18f!4. 

B. Xiombiwdo-Venetia. — One of the first maps published by the Geo- 
graphical Institute of Milan was that of Milan and the surrounding 
country, on the scale of 3^051 engraved on copper, in four sheets. After 
this the military map was commenced, with a change of scale and sys- 
tem of representing the ground, on the scale of saj^ji! (I'ot with the 
meter as a unit, but with the Klafter of Vienna.) This was, and is to- 
day, a model of precision and of careful execution. The map was to 
comprehend Veuetia-Lombardy, but was extended to the duchies of 
Parma and Modena, and, at last, to Tuscany, Lucca, and the Pontifical HoSlSd by 
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States, (Central Italy.) It was made in separate sheets, tbat conld be 
united, as they were all of tUe same scale and tbe same geodetic execu- 
tion. The topography consisted of cadastral maps, rednced to the scale 
of j ^ l^p , which harmonized with the maps based on military triangnla- 
tiou, which were rectified and completed on the ground. Then they 
were drawn agnin, being reduced to the scale of -j^^o, and given to 
the engravers on copper, who produced those maguihceut maps which 
are to-day admired by all who are versed in topography. 

These maps have the following dates of publication i 

1828 — Map of the duchy of Parma, Piaceuza, and Gnastalla, in 9 
sheets, on copper. 

1833 — Map of Venetia-Lombardy, in 42 sheets, on copper. 

1839 — Map of the duchy of Modena, in 9 sheets, on copper. 

1851 — Map of Central Italy, in 5'J, sheets, engraved on stone. 

The first three were executed in Milan and the fourth in Vienna. 

Another work of great importance was published in Milan through 
the exertions of this same institute. This was the atlas of the Adriatic 
Sea, designed and engraved on copper in the Military Geogi-aphical 
Institute of Milan, (begun in 1817 and finished in 1830.J This is a gen- 
eral hydrographical map, in two sheets, on the scale of so^otst!' '^^^ 
also of thirty sheets of details, on the scale of j-jj'so^, and witli a col- 
lection of 100 views of the principal seaports. To the above-mentioned 
atlas was annexed a descriptive portion, with the following title : " Pilot 
for the Adriatic Sea, compiled under the diredtion of the Military Geo- 
graphical Institute and of the I. E. general staff, by Captain Giacomo 
Marieni." 

The Neapolitan officers co-operated in the maritime survey for the 
formation of this grand work for the Adriatic coast of the kingdom of 
^Naples. This pablication was received by the public as a prodigy of 
science and art. 

C. Duckies of Parma, Piacmza,, and GwosfaZIffl.— We have no originals 
to make mention of except the completion of the tax-maps in 1836 by 
the government of Maria Louisa. 

D. Duchy of Modena.. — The ofScers of Modoua took part with the 
Austrians, not only in the triangnlation but also in the topographical 
survey of the ground, 

B. Grand-Duchy of Ttiscany. — The cadastral survey of Tuscany began 
in 1819 and was completed in 1827, based upon the beautiful triangula- 
tion of tbe professor, Pere Inghirami. 

These cadastral maps served P^re Inghirami as elements for the con- 
struction of a beautiful eborographiea) map of tbe Grand-Duchy, on the 
scale of 57joWo- '^^^ maps were reduced and completed on the ground. 

The map, based on geodetic nets of the author, and adorned with 
various indications, was engraved on copper, in four sheets, and pub- 
lished in 1830. The execution is admirable, and can compete with those 
of the Geographical Institute of Milan. This is the only original map 
that has been published by the Grand-Duchy of Tuscany in the present 
century. 

F. Pontifical States. — The only original work of importance was the 
tax-map, on the scale of jjjVb? finished in 1831. 

We may also add the map of Eome and adjacent country, constructed 
and published upon geodetic work, by tbe engineers Couti and Calan- 
drelli, of whom we have already spoken. 

G. Kingdom of the Two Sieilies. — From tbe geodetic work above men- 
tioned, we see that science, in spite of the many interruptions caused 
by political events, ' ,..---, 
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Here we will note also that topography and the art of engraving 
■were cultivated with particular care by the Heapolitan Topographical 
Otace. 

The topographical works and publicatious were numerous, but, for the 
most part, partial. Perhaps the means and circumstances prevented the 
completion of large works ; perhaps, also, a sufficient impulse was 
wanting. 

The project of a map of the kingdom, on the scale of ^^liffa' reduced 
from that of ^5^5^! was magnificent, but it was only commenced, and 
they were obliged to satisfy themselves with a general map, on the 
ffT^ffff- scale, of the kingdom this side of the Faro, and with a map of 
Sicily, on the scale of j-gocoo' ^^ f**^"" slieets. 

The esecution of the first sheets on the ■^gooii ' scale was accomplished 
very accurately, scientifically, and splendidly by the skill of the de- 
signers and engravers ; it is a sin that such a work was not completed. 

In praise of the Topographical Office, which was the first and oldest 
institute of this kind established in Italy, we will enumerate some of the 
best worts accomplished in this second part of the Italian topography : 

First. The map of the provinces of Naples and a portion of the prov- 
inces of Caserta and Aveilino, in fifteen sheets, engraved on copper, 
and on the scale of 55^0,5, commenced in 1819. This beautiful work of 
publication ought to have been extended to the kingdom of Naples ;. 
but the plan was changed, and a partial map was constructed for the 
above-mentioned regions, auspending further works. 

Second. The plan of the city of Naples and the surrounding country, 
in one sheet, engraved on copper, on the scale of Yshu published in 
1828. 

Third. The plan of the city and port of Trapani, in one sheet, en- 
graved on copper, on the scale of tjViti published in 1839. 

Fourth. The plan of the city of Palermo and surrounding country, in 
four sheets, engraved on copper, on the scale of jj^, and that in one 
sheet on the scale of jiVq, published in 1818. 

Fifth. The plan of the city and Strait of Messina, in one sheet, on 
copper, on the scale of ^ahoof published in 1832. 

Sixth. Map of the shore of the river Tronto to the Cape Saint Maria 
di Leuca ; atlas in thirteen sheets, engraved on copper, scale rn^Tru'i 
published in 1834. 

Also, many maps of maritime cities aud foreign sea-ports. 

ITALIAN CARTOGRAPHY FROM 1860 TO 1875. 
GEODETIC WOBKS. 

At the beginning of the new kingdom of Italy the ueed of a gen- 
eral topographical map was felt, on a scale large enough to serve with 
profit to the army, and to be naed by. the administration of the kingdom 
and by private individuals. The proportion of 1 to 50,000 seemed the 
most appropriate, except for interesting regions, where, for one reason 
or another, it was necessary to use a larger scale. 

We have already seen, in the progress of this article, what general 
topographical maps existed in the single states of which Italy was com- 
pose<l, so that we do not need to enumerate them again. 

Nevertheless, we will sum them up : 

1st. The map of the provinces of the kingdom of Sardinia, on the scale 
of zshn^ '° progress of publication, and the reduced one, ou the scale 
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3d. The Austriaa maps, on thescale of jf^o, of Venetia-Lombardy, 
the iJuchies of Parma and Modena, and Central Italy. 

4th. The map of Tuscany, by Inghirami, on the scale of ^jts^^s- 

6th. The map of the kingdom of Naples, by Kizzi Zaunoni, on the scale 
■of Tj^riT 

6th. The map of the isle of Sicily, on the scale of ^^Vsq- 

All these maps, except the drat, were more or leas ancient, of dilferent 
scales, and such as did not satisfy all reqairements. All were drawn 
with system and conventional signs, bat they were aofc uniform. None 
were made on a regular plan throughout. Whilst, therefore, the maps 
numbered 1, 2, 3, and 4 represent clearly enough the details of the 
land, especially those of Piedmont and Austria, those numbered 5 and 
6 were not completed, and were not susceptible of improvement. They 
were maps truly valuable for the epoch in which they were made ; but 
the system of representation and the geodetic inaccaracy did not admit 
of correction. 

In this state of things the Italian government decided to construct, 
first, a map of the Neapolitan propiuces, and of the isle of Sicily ; and a 
project for this purpose was presented to the parliament in 1861. 

The geodetic work was begun in the same year in Sieily, baaing the 
triaugulation on the existing one in the province of Palermo, They had 
not time t-o measure a base, because they wished to furnish, as quickly 
as possible, the trigonometrical points to the topographers charged with 
the survey of the ground, reserving the correction of the primary triau- 
gulation until after the. measurement of one or two bases which was to 
be made before ending the geodetic operations. 

The instruments employed were repeating theodolites of G-ambey and 
Ertel. The calculation was according to the formula of Puissant; the 
allowable error being ± 5" for triangles and YshiTi for distances. 

While every one was proceeding to the execution of these works, an 
event happened which modified the adopted project, substituting more 
precise methods for observation and calculation. 

General Baeyer, the dean of those versed in geodesy, proposed in 
1861 to the Prussian government to invite the European goveruments 
to form an association for the purpose of undertaking in common the 
measurement of a portion of an arc of a meridian and of a parallel on 
a centrttl zone of the European continent. 

The Italian government and most of the states accepted the iu'^'ita- 
tion of Prussia. Italy sent delegates to the convention, which assembled 
at Berlin between the 15th and 22d of October, 1S64. 

We will not insist on mentioning the agreements of the conference 
relative to the conditions which determined the operation destined to 
accomplish the scientific aim proposed. The agreements and reasoiis 
which dictated it are minately described in the exact reports published 
at the end of each meeting of the eontereiice. We shall limit ourselves 
to noting the new direction that this event gave to the Italian g 



The Italian commission met at Turin in June, 1865, and adopted the 
following resolutions : 

The geodetic nets, for the measurement of the European degrees, will 
be three, and will spread along the lines of three meridians and of three 
parallels. 

The directions selected were as follows ; 

(a) The first net will extend from Oagliari by the island of Corsica 
along the Tuscan shore to Genoa and Milan, extending across Switzer- 
land, Western Germany, to Christiana. 
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(6) The second, starting from tbe isiaiKl of Ponza, will be carried, by 
Eome, Florence, and Padua, to Mnnich, Leipsic, and Berlin. 

(e) The third from Cape Passaro, the extreme southeast of Sicily, by 
Messina, Potenza, Foggia, and the island of Tremiti, will cross the 
Adriatic Sea and extend in Balmatia to connect with the Aastrian nets, 
stretching by Vienna and Prague to the Baltic Sea. 

The three nets along the parallel circle are the following: 

{d) The first from the frontier of Savoy, extending to Padaa, follow- 
ing the middle parallel already mentioned, from Bordeaux to Fiume. 

(e) The second will commence in Corsica, extend to Gargano, and 
pass to the Dalmatian shore, 

(/) Third, from the island of Ponza to Briiidisi. 

The practicability of connecting Sicily with Africa by means of 
geodetic operations was considered ; of remeasuring the meridional net 
of P. Beccaria between Mondovi and Andrate, and finally of establish- 
ing a net of triangles in the longitudinal direction of the Italian penin- 
sula, as much for the purpose of connecting the already-mentioned nets, 
as for the eventual measurement of oblique arcs. 

It was determined that the nets should be double, that is to say, 
formed by connecting polygons for the purpose of determining equations 
of condition for the computation of compensation. 

As a matter of convenience, it was determined that, for each series of 
20 to 25 triangles a base should be measured with great care, in order 
bo aerve m a check, and they were located at the following points a8 
most suitable: Trapani, Catania, Taranto, Foggia, Home, Itimini, 
Leghorn, Somma, Turin, and Oagliari. 

It was proposed to employ tbe reiterating circle, for observation of 
angles, supplied with microscopes of such power as to be able to read 
to 1" or 2", without excluding the use of the repeating theodolite. 

For the determination of heights it was decided to employ the method 
of reciprocal observations. 

In the computation of the geodetic nets, it was decided to employ the 
formula of Bessel, and to use logarithmic tables of ten decimals to 
keep account of angles to the hundredth of a second, and of distances 
to the hundredth, and in the calculation of compensation to go to 
thousandths. 

The computations had to be made by polygons composed of such a 
number of triangles that in the progress of the computations they would 
not be obliged to solve more than thirty equations. The elements of 
the perimeter, common to two contiguous polygons, had, besides, to 
satisfy conditions of geometry, taking an absolute \fdae : {a) for angles, 
the mean of the single result given for the adjustment of the two 
polygons ; (6) for the relation of tbe sides, in the same way, the mean 
value ; (c) for the absolute length, the value deduced from two or three 
neai'er bases, assigning, nevertheless, to each base a weight depending 
on its proximity and on the probable error in its measurements 

We have thought it convenient tp indicate in a concise way the form 
above mentioned, to give an idea clear enough of the geodetic works of 
the tirst order which Italy is in the way of executing, and of the precis- 
ion which is aimed at. 

We shall say only a few words in regard to the astronomical works, 
enough to indicate their connection with tlie geodetic operations. 

It was ordered that the places to be determined astronomically should 
be — 

1st. The existing astronomical observatories, (there are, large and 
small together, about 20.) 
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2d. A certain nximber of stations at the points of conjunctiou of the 
geodetic meridian nets with the parallel. 

3d. The statious or places where it has been found or it is believed 
there are aoomaliea in regard to the intensity of the force of gravity. 
For sacb a purpose, in regard to latitude, it was decided — 
(a) To establish observatories on the meridian of OagUari, iu one or 
two places on the island of Sardinia j one or two in Corsica ; one in 
the island of Elba, at Pisa, at G-anoa, at Tortona, at Pavia, at Milan, 
and at a point on the Swiss frontier. 

((*) On thp meridian of Pouza, observation of the latitude of Ponza, 
Eome. Naples, Monteflascone, Perugia, Florence, !Eimiui, Bologna. 

(c) On the meridian of Oape Passaro, observation of latitude of Cape 
Passaro, Catania, Messina, Oosenza, Potenza, and Foggia. 

{d) On the short meridian of Turin, considering the excessive local 
attraction, the latitude of San Eeino will be determined, from a point 
to be selected on the Apennines, also tbe latitude of Mondovi, Sanfr^, 
8aluzzo, Turin, Massi, Andrate. 
The longitudes to be determined are — 

(e) On the middle parallel, and in consideration of the fact that in 
the valley of the Po there are many local attractions, there will be de- 
termined with electric apparatus the differences of longitude between 
Geneva and Mont C^nis, between Mont C6nis and Turin, between Turin 
and Milan, between Milan and Padua. It was also thought that it 
would be useful to insert other determinations by means of flre-signalSj 
and by means of chronometric expeditions. 

(/) On the parallel Ajacoio G-argano, the differences of longitude be- 
tween Ajaceio and the island of Elba, between this and Eome, and be- 
tween Ek>me and the Gargano. 

(g) On the parallel of Ponza-Erindisi, the differences of longitude 
between Ponza and Naples, between Naples and Poteuza, and between 
Pot«uza and Brindisi. 

It has been ordered since that the determinatiou of azimuth ought to 
be made : 

1st. In all astronomical observatories. 

2d. At all astronomical stations situated at the intersection of tlie 
geodetic meridian nets with those of the parallels. 

3d. At all places where it was thought that such a determination 
conld throw light on the nature of local observations. 

4th. At several points of Calabria and of the north shore of Sicily, on 
the hypothesis that the connection between Sicily and Africa would be 
effected. 

5th. At the extreme points of the meridian ares and of the parallels 
above mentioned, viz, Cagliari, Ponza, Brindisi, Cape Passaro, &c. 

Together the number of points to be astronomically determined would 
be about 60. It was determined to connect with greater care the exist- 
ing observatories and the astronomical stations of the country with the 
geodetic nets. 

The geodetic work has been continued in Italy since 1865 on the plan 
indicated by the international commission. Although circumstances 
have allowed only a small number of operators to be employed in the 
field and in the computations, nevertheless a considerable part of the 
programme has been completed. 

The arc of the meridian between Cape Passaro and Dalmatia of 6° 
has been observed, calculated, and ai^usted ; and the crossing of the 
Adriatic has been completed in connection with the Austrians, between 
the Gargano and Dalmatia, and between Terra d'Otranto and Albania. 
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They measured the basesof NapleSjOf Oatania, at the moath of the river 
Crati, of Leeee, and ia the spring of 1873 a base aear Udiae was meas- 
nreil by the Italian and Austrian offloers, each oae using his own appa- 
ratus for the purpose of eompariog the results obtained and the value 
of each apparatus. 

The sheet published on the scale of joo^ooir gives a clear idea of the 
triangulatioii of the first order eseciited in the southern provinces of 
Italy. 

On examining this map it can be seen that the meridian uet from 
Oape Passaro to Dalmatia was observed and subjected to the calculation 
of compensation. The difference iu the lines with which the triangles 
are covered shows the different portions into which the total net has 
been snbdivided in order to subject it to the calcnlation of compensation, 
without having a great number of normal equations to solve. 

Ist. Starting from the south and going towards the north one can see 
the Sicilian net extending from Benna-Mezzogregorio to Santa Oroce- 
Sanf Angelo di Patti, bauf Angelo di Patti-Tre Pontane. This net 
comprises 29 triangles of 30 to 40 kilometers to the side, beside a chain 
of 12 triangles from the base of Oatania and extending to the side of 
first order Monte-Rossi-Perrifere. 

In this first work were used partly repeating instruments ; this is the 
cause of the mean error exceeding two or three tenths of a second. 

The instruments which were used for such operations are a 10-inch 
Gambey theodolite, a 12-tnch Reiebenbaeb theodolite, an 8-incli Gam- 
bey theodolite, a 10-iuch universal instrument of Pistor So Martins, an 
8-ineh universal instrument of Pistor & Martins. The first three were 
repeating, the last two reiterating, 

It will be observed that the western part of Sicily has a net of trian- 
gles not subject to the calculations of compensation. 

It is the portion of our triangulation that was executed between 1862 
and 1864, resting upon the side of the old Neapolitan triangulation, the 
aim of which was only that of supplying data for the topographical 
surveys. 

The high scientific purpose of measuring a terrestrial arc did not enter 
into the works executed before the formation of the commission. 

This work, however, will soon be resumed, to make all convenient 
corrections, and some time it will unite Sicily to Africa by Cape Bon, 
which operation, as a consequence, cannot be avoided. 

2d. There are to be tbrmed the nets between Sicily and Calabria from 
the side of Santa Oroce-Sant' Angelo di Patti, Sant'Angelo di Patti- 
Tre Pontane, to the side Montea-Serra Oastellara, Serra Castellara-Ooz- 
zo Sordillo, Cozzo Sordillo-Oapo Trionto. 

This net presents 27 triangles comprised in the general compensation 
and three independent ones. 

The mean error of each direction deduced from the compensation, is 
0". 815 ± 0". 045 

The instruments which we have used are a 10-inch repeating the- 
odolite of Gambey ; reiterating theodolite of Eepsold, 10-inch ; Starke, 
10-inch ; Pistor, 10-ineh ; Pistor, 8-inch. 

The nets mentioned present sides whose length is exceptional in our 
operations; these are the sides of triangles which unite Sicily to the 
continent, crossing the sea, touching the island of Ionia. The longest 
side is Stromboli-Montea ; this is 120 kilometers. 

In spite of the exceptional condition of this triangulation the results 
of its comparison with that of Sicily were very satisfactory. 
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The triauffulatioubetweea (Jalabria aud Sicily, supported ou tbe base 
of (Jrati, is iaterestiiig in the harmony of tbe conuection of the trianga- 
lation, that is of the sides Santa Croce-Sant'Angelo, Sant'Angelo-Tre- 
Fontane. The difference between tbe logarithms of these sides, given 
by the two triangulatious does not exceed 72 units of the seventh order, 
which is equivalent to a small difference of 5-0005 i" ^^^ length of tbe 
sides. 

3d. The triangulation between Oalabria and Basilicata presents tbe 
following data: 35 compensating triangles, 8 triangles outside of the 
compeusatiou net, 7 formed with directions already compensated and 
out of the nets bere considered. 

Mean error in all directions, 

0".376 i 0.019. 

Tbe instruments used were of Pistor, Eepsold & Starke, each of 10- 
iuch limb. 

4th. Tbe net of Basilicata comprises 25 triangles included in the gen- 
eral compensation, and 3 independent triangles. This net starts from 
the side of the triangulation between Calabria and Basilicata, Giagola- 
Alpi, Alpi-Noeara, and falls on the side of Puglia Biccari-Asooli, (Jerlg- 
nola- Torre Pietre. 

Mean error in all directions. 

0".485 ± 0.025. 

Instruments : Eepsold and Starke, of 10-itiob limb. 

5th. Net between Puglia and Dalmatia. This is united to that of 
Basilicata by the already-mentioned sides, and crosses the Adriatic, 
touching the islands of Tremiti and Lissa, and unites in Dalmatia with 
the Austrian nets. 

Number of triangles forming system of compensation, 30; and 8 inde- 
pendent ones. 

Mean error of each direction, 

0".683 ± 0".035. 

Instruments: Eeichenbacb, 12-incb, (reapeating;) Pistor, Starlte and 
Eepsold, 10-inch, (reiterating.) 

The triangulations of Puglia and Basilicata are supported on the base 
of Poggia. They connect with tbe triangulation of Orati on tbe sides 
of Alpi-Bulgaria, Alpi-Nocara. 

The difference is of 14 units decimals of seventh order in the loga- 
rithms of the common sides ; that is to say, that tbe error which is to 
be feared on tbe sides does not surpass the jjj/goiT "^ their length, a 
result very satisfactory. 

Now we think it will be very interesting to say something ou the 
measure of the bases. 

The apparatus which we used was constructed by Ertcl, of Municli, 
on tbe plan of that of Bessel. 

We shall not stop to consider the illustrious scientist's method of 
measurement, but the following figures will certainly show the high 
grade of precision attained by us. 

Ist- Base of Oatania : length 1,894 toises, with a mean error of 1 line 
and 22 hundredths. 

2d. Base of Crati : length 1,497 toises, with a mean error of one 1 line 
and 984 thousandths. 

3d. Base of Lecce : length 1,560 toises, with a mean error of 1 line. 

4th. Base of Undine; this base, whose delnite value has not yet been 
calculated, was, as we have said before, measured in the spring of 1873 
by Italian and Austrian offtcers with their own apparatus. 
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The harmony between the measurement and remeasureraent of the 
Italians was mucti greater than could have been expected, and an abso- 
lute agreement has been ascertained between the Austrian and Italian 
results. 

It is easy to understand the advantage of this comparison of measure- 
ments and the results that may he deduced for the comparison of the 
triangulation of the two states and for the equalization of their measure- 
ment. 

This would be the place to speak of tlie results obtained in the opera- 
tion of geodetic leveling, which was spoken of in the conference of 1864. 
But this category of operations has since received new direction by the 
Swiss scientists Hirsch and Plantamour, and the importance of geomet- 
rical levelings of precision has been recognized. 

Italy intends to undertake aa much as possible for the benefit of the 
works which place her iu correlation with the countries which took the 
precedence iu such operations. 

We shall yet observe that the trigonometrical net on the parallel Brin- 
disi-Ponza is almost entirely observed and will soon be also calculated ; 
that five astronomical stations have beenfinished by determination of lati- 
tude and azimuth, that is to say, those of Naples, Moute Mario, Termoli, 
Lecce and Potenza; that they have telegrapbically determined the dif- 
ference of longitude between Palermo, Naples, and Rome; between 
Milan, Simplon, and Neufchatel; between Milan, Padua, G«noa, and 
Naples, 

All the geodetical and astronomical work, done with the aim of 
measuring terrestrial arcs, will form the subject of scientific publica- 
tions ; and there are now iu progress of publication several accounts con- 
cerning our measure of bases, and the determination of diflerence of 
longitude of Milan, of Simplon, and Keufchatel, That of the observations 
on latitude and Eizirauth at Lecce exist already. 

Already, by the diligence of the observatory of Kaples, reasons and 
results of analogous operations made between the observatories of 
liome, Naples, and Palermo have been published. 

At the same time that they were working to execute the grand net for 
the measure of the European degree, the works to determine the trigo- 
nometrical nets were actuated by the aim to furnish the necessary bases 
to the geographers. 

It was ordered to determine a trigonometric point tor each 25 square 
kilometers. 

The geodetic work has been continued and will still be carried on for 
some years, in coonection with the astronomical measure of the degree 
in Europe, and the results, in view of the precision with which they 
have been carried ou up to this time, cannot be less splendid. 

Iu the current geodetic oampaiga (1875) operations are being carried 
on iu the Tuscan and Ligurian Appeniues, and various astronomical 
stations are being occupied, which pertain to the measure of a degree 
in Middle and Lower Italy. 

TOPOGRAFHIOAL WOIJKS AUD PUULISMICD MAPS. 

The unity of Italy has been of great benefit to the national topography 
and cartography. The Italian Staff took all the topographical elemeuts 
scattered in the different states of Italy, superintcndiTig them all except 
that of Naples, which was preserved as a section of the superior ofilce, 
and thence of the technical offloe of the staff of the army, because, pos- 
sessing an observatory, good geodetic instruments, able operators and 
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artists, under a sky bo favorable to observations, it could bring, aa in 
fact it did, nsefnlDess and dignity to scieiiee and art. This is the period 
of the true Italian Katioual Cartography. 

Soon after the first annexations of 1859, tbe goveminent felt the need 
of a general map of all the proviuces of Middle and High Italy recently 
annexed ; and as the time was short, it was thought best to take the 
existing materials, in order to compile it quicker. Therefore the well- 
known cartographic map was issued, on the scale of Esrroiiffi of Up- 
per and Central Italy, in 6 sheets, engraved on copper, and linished in 
1864. For the first 4 sheets were used the plates of the chorographic 
map of the Alps, together with the work " Le Alpi che cingono I'ltalia." 
For the fifth sheet they made the most of the map of the island of Sar- 
dinia, by Ueneral Alberto La Marmora; and for the sixth, a reduotiou 
of the corresponding part of the Austrian map, on the scale of ssj^j, 
was made. They were at first on copper plates, and in reductions the 
principal variations found in topography and in the systems of roads and 
hydraulics of the countries were represented. 

We have previously stated how, after the annexation of Naples and 
Sicily, it was of supreme necessity to give as soon as possible to the 
army and to the administration a map of the southern provinces of 
Italy and Sicily. 

It was not possible to wait for the completion of the beautiful Nea- 
politan map, on the scale of so^co, which was being engraved on cop- 
per in the Topographical Office of Naples: and those existing of Bizzi- 
Zanuoni and of the island of Sicily (this last compiled from the works 
of Captain Smyth, of the English navy) were too old and were based on 
geodetic elements rather incorrect, although for artistic execution they 
could be called admirable for the time in which they were published. 

Soon after the beginning of the geodetic work of which we spoke in 
the previous chapter, the topographers went to work in Sicily and took 
the plan of the ground. The scale chosen was that of s-ffloo' * 'J<*ld 
innovation, which, nevertheless, in tact, succeeded verj' well. The sur- 
vey was made with a plane-table and perfected telescope, which did not 
leave anything to be wished. All the graphical points of oui' field-work 
were determined by intersection or by the stadia, and were plotted, an 
operation which has rendered very easy the tracing with precision the 
egnidistant horizontal curves for every 10 meters elevation. 

The survey of the isle of Sicily, commenced in 1862, was finished in 
1868. 

Field sketches neatly copied in the ofQce could be reproduced. They 
were in fiict reproduced by photography and the heliotype process, and 
became valuable to those who required such. They truly represented 
the exact drawing of the ground, and the engineers, engravers, and 
technical men found in them elements necessary for a new process. 

The need of the state and the continual advancement of every man 
that becomes known inspires scientific genius, artistical and mechanical. 
It was truly the exigencies of the epoch and of the land, in which and 
for which he lived, that inspired Colonel Avet, of the Staff Corps ; he 
discovered by profound and continuous study a wonderful process of 
repro<l action, viz, photoincision 

It was wished to give immediately to the scientific world a great proof 
of this process of reproduction, and the map of Sicily was reproduced in 
the brief period of two years, reducing it to the scale of jTr^a in 48 
sheets, and reducing it from the originals of ^-j^q, neatly copied. We 
have possessed it since 1871. 

Hardly were the topographical works of the island finished, when they 
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^. i to the survey of the Neapolitan provinces on the same scale of 

s-ffooo' '^^^^ more careful instructioa to the topographers, and therefore 
with always greater perfection, so that they no longer needed a neat 
copy of the field-sheeta, for the necessary reproduction of the topographi- 
cal works a few days after having finished the survey of the country. 

Photography and the heliotype process comprised at first the meth- 
ods of immediate reproduction. But afterwards a new and tine inven- 
tion improved it greatly. We speak of photolithography, a perfected 
process, taught and iutrodneed by Colonel Oastelli, of military fame. 

Photographs reprodnced and engraved on copper by a chemical and 
mechanical process, which is the inventor's secret, furnish us magnifi- 
cent engravings. 

Photographs transferred on stone and on zinc give as the means of 
reproducing in a short time any drawing. 

To-day is given an original work to be photoincised, and after a month 
the sheet can be given to the trade, comparing favorably with the hand- 
somest engraving on copper. 

Photography is yet more rapid, and furnishes to the public (like 
zincography) the drawings reproduced after two or three days, and tliey 
are good enough to be used in war and by technical men. 

The topographical works iu the southern provinces of Italy will be 
terminated in the current year. The map composed from this survey 
will consist of 174 sheet-a, (348 half-sheets.) Until the present time all 
work executed in the country, up to the year 1874, has been reproduced 
by photolithography and by photozincography. The field-sheets which 
will be finished this year will be reproduced and given to the trade in 
the spring of the coming year, 1876. 

Meanwhile the government thinks already of extending the survey to 
the other provinces of the kingdom iu order to obtain a map on a large 
scale complete, uniform, detailed, and recent, of all Italy, But for the 
present, in order to make the map of Piedmont useful in 91 sheets, which 
is constructed on the same scale of 1 : 50,000, as it is in some respects val- 
uable, and above all the only one existing on a large scale, tbey begun 
the correction of the stones, executing them after a careful local recon- 
naissance perfected by the officers attached to the Military Topograph- 
ical Institute. Twenty-seven sheets have been corrected ; also the cho- 
rographic map of Upper and Central Italy on the scale of 1 : 600000 is 
iu progress of correction, and at this time two sheets have been rectified. 
Here it would be well to mention the notable change which happened 
in the organization of the technical office which has acted as part of the 
staff corps since the year 1S72. The cons; lerable development of the 
geodetic and topographical works induced the Government to dissolve 
the technical office of the staff of the army, transforming it radically 
under the denomination Topographical Military Institute, with inde- 
pendent action and self-control. 

The Institute began work January 1, 1873. All the works already 
mentioned bave progressed with rapidity under the new direction with 
more ease and less trouble- 
Besides the above mentioned works the Institute proceeded to the 
survey of the vicinity of Florence and Rome, and other special locations, 
on the scale of 1 : 25000 and of 1 : 10000, successively reproduced by pho- 
tolithography and chromolithograpby, and above all to the drawing and 
reproduction, by means of the photoincisiou of Avet, of a chorographic 
map, of 25 sheets, of the Neapolitan provinces, on the scale of 1 : 2501K10, 
reducing it trom the Austrian elements found in the topographical office 
of Haptes. These elements, on the scale of 1 : 103680, composing a map 
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of the Keapolitaii provinces put together between 1821 and 1824, in the 
time of the Austrian usurpation, were copied on the scale of 1 : 125000, 
introducing all the corrections to the roads and hydraulic systems, and 
representing the mountains with the line of vertical light. These draw- 
ings, iu fair hand, on the scale of 1 : 125000, were successively photoin- 
cised on tlie scale of 1 ; 250000, (the last seven sheets in the spring of 
the current year,} and produced a good and flue map in many respects. 
So the southerly proviuces of Italy, the poorest in modern maps, became 
all at once the richest and most advanced, thanks to the diligence of the 
statt' and the activity of the topographical Institute. 

The Institute executed in addition many maps on a large scale 
{1 : 5000 aud 1 : lOOOO) for the study of war, and proceeded to a third 
edition, entirely revised, of the itinerary of the kingdom, adorned with 
a map of Italy, a chromolithograph on the scale of 1 : 1000000. 

All these interesting and varied works were used in the production 
of a number of maps for the fleld exercises in 1573, '74, and '75, and 
many other works too numerous to mention. 

But the thoughts and studies of the administration and of its scien- 
tific men and artists were involved in a greater, more durable, and defi- 
nite work. "We wish to speak of a general map of all Italy on the scale 
1 ; 100000, which was the last application of science to the construction 
of maps of topography. The proposition was presented to the House in 
order to obtain funds, and was passed. The new map will be formed of 
287 sheets of the dimension of 0^.41 x 0".37, and constructed on nat- 
ural projection and based on the new and careful geodetic triangtilation, 
the result of the great operation of tte European degree measurements. 
The topography will by use of the plane-table give the most recent 
planlmetric changes. 

This map, the flrst sheets of which are already in progress, will cer- 
tainly do credit to the art of Italian ca.rtography, as well for execution 
38 for correctness of details and beauty of reproduction. 

I'lorbnoe, July, 1875. 

Translated from Eivista JVEilitare Italiana, Settembre, 1875. 

§ 2. Notes on maps op Italy, published bt the Italian Mili- 
TAErT Topographical Institute, 

I. A map of the Kingdom of Italy, scale 1 : 1000000, to adorn the 
general itinerary, third edition, revised aud corrected, 1876. This is a 
chromolithograph, printed on 6 sheets, 20" x 16", to be joined in one. 
The border is subdivided so as to show the latitude and longitude, but 
no meridians or parallels are drawn. The railroads and carriage-roads, 
the boundaries of states and provinces, and the principal rivers are given. 
The whole is a compilation from old and recent surveys, and only parts 
of it are based ou accurate survey. 

II. A topographical map of the province of Naples, scale 1 : 250000, 
published in 1874. This work, in 25 sheets, 13J" x 11^", was produced 
by a process called "Foto-incisione," and is a reduction from Austrian 
surveys, scale 1 : 103680, made between 1821 and 1824. This last survey 
was first reduced to the scale of 1: 126000, and the reduction further 
reduced by foto-incisione. 

The border gives the latitude and longitude to minutes, but no me- 
ridians or parallels are drawn. The principal lines of communication, 
the roads, water-courses, and boundaries of provinces are given. Relief 
is indicated by hachures drawn and reproduced, so as to give the map a 
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flue appearance. The method used for reproduction, foto-incisioue, 
GOQipares favorably with copper-plate engraving. 

III. A topographical map of Sicily, scale 1 : 100000, published in 1871. 
This work consists of 48 sheets, 13J" X 9J", also reproduced by foto- 
incisione. The meridians and parallels are givenfor every five minutes, 
and references are made on each sheet to the a<^oining sheets on each 
side. Relief is indicated by horizontal curves 10"° apart in elevation. 
Elevations are also given by figures at various points. The water 
courses, boundaries of provinces, railroads, and common roads, of sec- 
ond, third, and fourth classes, are indicated. Trees are denoted by a 
letter B, (" Fosco.") Cultivation of different kinds is also indicated by 
letters, as V, for vineyards, (" vigni ;") 6, for a garden, (" giardino,") 

IV. A topographical map of the southern provinces of Italy, scale 
1 : 50000. This is a reproduction by photolithograph and zincograph 
from the original field-sheets of the survey. The surveys tbr some of 
the sheets furnished were made iu 1874. It is proposed to publish the 
same survey on a scale of 1 : 100000. Belief is indicated by contours for 
every 10™ of elevation, and figures are frequently given to show the 
height of prominent points. Numerous conventional signs are used to 
indicate railroads, aud roads of first, second, third, and fourth classes, 
aqueducts and bridges. The nature of the ground, whether cultivated 
or uncultivated, marsh, meadow, brash, trees, viueyards, and rice-ftelda 
are all indicated by established conventional signs. This work when 
completed will consist of 174 sheets, (or 348 half-sheets,) 20" x 28" j half- 
sheetSj 20"xl4". The projection is made by Plamsteed's method, and 
meridians and parallels are given for every 5' of arc 

V. Map of Florence and vicinity, scale 1 : 25000, published 1875, 
one sheet 34"x21". This is a photolithograph, shaded and colored. 
Latitude aud longitude are not given, and no meridians or parallels are 
drawn. Belief is shown by contours for every 10 meters of elevation 
and by shading. Figures also give the elevation at various points. 
Conventional signs are used as in the previous case, (IV.) Houses are 
shown with the' names of the proprietors in the surroundings of the 
city. Elvers and creeks are colored blue. 

In the field-work for the recent surveys the plane-table and stadia 
were used for topography. Points for each sheet were furnished by the 
triangulation. 

No information in regard to the organization of the "Italian Military 
Topographical Institute" or in regard to the details of their work is 
given, except the meager account in the " Bivista Militare Italiana." 

AatkoriUes. — Copies of maps. 

Compiled by Capt. H. M. Adams, Corps of Engineers. 
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CHAPTER VI. 

§ 1. State of the woek op the Geographical Institute op 
Spain on the 31st of Mauoii, 1871. 

ar.ODETIC WORK. 

After the variona reports of the geodetic work of the flrst order exe- 
cuted in Spain which have been pabliehed, the moat convenient method 
of avoiding repetition and of conveying a clear idea of its aotual state 
will be the recital of that which remainato be done in order to accom- 
plish the plan projected by the government for the Geographical Insti- 
tute, completing that which the old commission of maps traced ont at 
the beginning of its work. Since the pnblication of the laat of the above- 
mentioned reports coincided with the turning over of this service to the 
Bareaa of Statistics by decree of His Higlineaa the Eegent of the king- 
dom, on the 4th of January, 1870, it appears natural, iTi order that there 
may be no interruption of continnity, to refer to that which on that date 
remained to he done in order to complete the part projected, adding that 
accomplished up to the present date, as well as the new works, both of 
observation and of computation, which have been commenced. 

To complete the angnlar observations belonging to the fundamental 
systems projected, {Plate VIII,) 102 vertices remained to be occupied, on 
56 of which there were to be made, moreover, observations referring to 
the great quadrilaterals formed by the same systems, increasing to 143 
the nomber of the stations, which were needed in the interior of those 
quadrilaterals of the first order. 

In addition, it was necessary to verify various surveys in order to sub- 
stitute with advantage several vertices selected but not observed, and 
to complete the general project of triangulation, as well as to pre])are 
conveniently with signals or mounds of stone 97 vertices. Only one 
base had been measured for the net- work of the Peninsula, and it was 
therefore necessary to project the system of bases and to measure the 
additional ones, connecting them with the triangulation. 

With regard to the computations, the first system of equations, formed 
from the data collected on each station considered independently, had 
been solved for all the vertices on which observations had been made ; 
but no decision having been made as to the method to be adopted tor 
the compensation of errors, and as to what should be the division, provided 
they were to be distributed in independent zonesor divisions, the computa- 
tions undertaken had been limited to this flrst part. The geographical eo- 
ordinatesof noneof theverticesof the system had been determined, unless 
we except Madrid and San Fernando, whose latitudes and difterence of 
longitude are known, from their astronomical observatories. The azi- 
muth of none of the sides was known with the necessary precision, since 
sufficient exactness was wanting in the approximate value of the side 
Madrid-Hierro, which had been determined with the assistance of the 
Madrid observatory from a very small number of observations in order 
to satisfy the most pressing necessities. 

Lastly, it had been intended to ran a special line of geodetic levels 
which should cross the Peninsula from the ocean to the Mediterranean, 
but the work had not been undertaken. 
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Of tlie vast triaugalations of the secoud and third orders which have to 
cover the Spanish territory, only those beJongiug to the Balearic Islands 
were completed, and those of the provinces of Madrid, Toledo, and 
Gnipnzcoa coiuiiieaced. 

Before proposing the completion of the general plan of geodetic oper- 
ations, the Subdirector of Sliitlstics, now the Director of the Geographi- 
cal Inatitnte, believed it convenient to mark the limits of the two groups, 
essentially distinct, which the triangulation of Spain embraces. The 
first eornprises all those works which, serving as a basis for the others 
and circumscribing their errors, bave besides as aa object the advance- 
meot of science, by collecting new data for the more perfect knowledge 
of the form and dimensions of the earth, operations which demand in 
observation the most perfect instruments, materials, and methods, and 
in the computations of the results all the resonrcea of mathematics, 
The second group embraces the triangulatione of the diffei-ent orders, 
designed for tha graphic representation of the territory, and serving as 
a foundation tor the topographical atlases which, tor various objects, 
are needed by the public administration. la this work instruments 
more portable and of less accuracy are employed, the number of obser- 
vations is reduced, and expeditious methods of computation are em- 
ployed at the sacrifice of an exactness which is not absolutely necessary. 

To the first group pertaiiia the system of the ten fundamental series, 
the measured base and those which are to be measured in the future as 
the basis of the system, the deternliuation of latitudes, longitudes, and 
azimuths on vertices conveniently selected, the investigations with 
respect to the force of gravity, and the special lines of precise leveling. 

To tlie second group belong the triangnlations of the first order which 
cover the interim of the great quadrilaterals formed by the funda- 
mental series, aud the geodetic net- works of the second aud third order 
which depend upon the primary triangles and esteud over the whole 
surface of the national territory. 

Founded on that which precedes, it was proposed and approved by 
the Government — 

1st. That the observations in the fundamental series should be con- 
tinued preferably, following strictly the method which conduces to the' 
compensation of errors by the formulas of Bessel and Baeyer, according 
to special instructions. 

3d. That in addition to the central base, already measured, three 
others should be selected and measured, one of which should be sit- 
uated, as already projected, in the moat southern part of the Peninsula, 
and the other two aa far north as possible, aud near the eastern aud 
western coasts. 

3d. That the a«troaomieal observatory of Madrid, concurrently with 
the Geographical Institute, and with due regard to the position of this 
scientific establishment, should com mence the determination of latitudes, 
longitudes, and azimuths at vertices of the fundamental series conven- 
iently chosen. 

itb. That in the special le^'eling of precision the system agreed upon 
in the conferences of the International Geodetic Association for the 
measurement of degrees in Europe should be adopted, aud that this 
new work should be begun immediately. 

5th. That consiileriug the fundamental series as a single system, the 
general compensation of errors should be commenced, solving the sec- 
ond group of equations which arise from the observations at each sta- 
tion considered independently. 

6th. That the triaugulations of the first order in the interior of the 
6 E g 
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qnadrilaterals, and those of the second aud third orders, should be com- 
menced in each district according as they may be needed to support 
other tri go no metrical net-works. To secure the surest execution of this 
plan and a convenient uniformity in all the work, the following meas- 
ures were adopted: Four commissions, composed of chiefs and officers 
of the corps of artillery, engineers, and general staff, who are de- 
tailed to the section of geodetic works of the G-eographical Institute, 
were charged with compiling projects of instructions ; the first commis- 
sion for the obaeiTation of angles in the geodetic tiiangulations of the 
first order, the second for the execntion of the first computations which 
are to be made in the same triangulations, with all the necessary models, 
the third for the assistants charged with the construction of the signals 
of the first order, and the last for the service of the heliotrope sections. 
These projects of instructions being presented, they were approved andi 
printed immediately, 

Another commission, similarly formed, proposed the forms of compu- 
tation to solve the equations and substitute the values of the unknown 
quantities, after they were determined, in the work which had been 
commenced for the general compensation ; and these, having been ap- 
proved, were also printed. 

The representation of the net-work of primary triangles on a small 
scale, which had been engraved some years previously, being iusufd- 
eient for planning the numerous equations of condition, and making the 
other preparatory studies, because it does not contain all tlie observed 
lines, another commission traced Plate VIII, on which, with the greatest 
clearness, is seen the actual state of the observations. 

All the directions observed from each one of the stations are indi- 
cated, and it does not contain other lines which might cause confusion, 
The vertices selected, but on which no station has been made, remain 
without being united among themselves. Tiie directions corresponding 
to the systems, which constitute the work of higher geodesy, are repre- 
sented by full lines. 

The directors of the observatory and Institute concurrently decided 
that the first-mentioned establishment should proceed at onee to the 
determination of the azimuth of the side observatory, Hierro. 

To a commission of chiefs aud officers belonging to the same section 
was intrusted the study of the works published upon levelings of pre- 
cision executed in other countries, and it was charged to present a pro- 
ject of the general basis upon which a double line of levels between the 
port of Alicante and the observatory of Madrid should depend. The 
commission executed its task, and after the proposed bases were approved 
the construction of the necessary instruments was ordered. 

A place was requited in which it would be possible to test the instru- 
ments by subnntting them to conclusive experiments of measurement 
before undertaking the work, and a permanent geodetic observatory 
was established on tie flat roof of a tower iu the Madrid park, which 
was given for this purjiose by the council. From the two pillars of 
granite, on which two instruments can be tested at the same time, five 
vertices of the fundamental series are seen ; and it is therefore possible 
to carry out completely the same observations as on a geodetic station 
and to make comparative tests of the different instruments employed 
iu the primary triangulation. 

Finally, the geodetical assistants were organized into two divisions, 
and, in addition, an elementary theoretical class in charge of one of the 
military chiefs was formed, to which, during the suspension of the field- 
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work and in spare hours, is given the instriictiou necessary for the t'llicieut 
<lischargeof the service eonSded to them, 

A machine for exeonting with more rapidity and accuracy some of 
the numerical calculations was also procured. 

The result of the field-work since June, 1870, has been, with respect 
to the fundamental series, the observation of the azimuthal directions 
and zenith-distances on 21 stations, 9 of which belong at the same time 
to quadrilaterals whose observations have also been made ; the prepara- 
tion with signals or stone mounds of 2i vertices ; the repair of thecon- 
struetions already made on 26 vertices; and the choice of 10 others be- 
lonjfing to the primary triangulation, 

The astronomers of the Madrid observatory have made the observa- 
tions necessary tor determiuing the azimuth of the primary side — Ob- 
servatory- Hierro. 

In the province of Toledo, the reconnaissance for projecting the sec- 
ondary triangidatioD, intrusted to the officers of the Oorps of Topo- 
graphical Engineers, has been continued ; 84 vertices of the second 
order and 139 of the third having been selected, and the method of fix- 
ing 51 villages, which are not vertices of any of the triangles, having 
been prepared. 

Special mention is deserved by that part of the oflice-work of the 
geodetic section, which has resulted in the resolution of the second 
group of equations for 9i vertices of the fundamental series, and in the 
solution of the first group for each one of the 21 stations occupied in 
the last season. 

For beginning the work in April next, 9 parties, which are to con- 
tinue the triaugulatioa and eomraeuce the leveling of precision, are 
already prepared, 

TOPOGRAPHICAL WORK. 

In accordance with the order of his highness the Regent of the king- 
dom, in the decree of the 12th of September last, the director of the 
Geographical Institute formed the general plan for the topographical 
triaugulatiou and the drawing of the field-sheets which are required 
for the publication of the map, for which the project was approved by 
the order of his highness, issued on the 30th of the same month, in 
which order it was also directed that the operations, with the extension 
permitted by the credits conceded by the Cortes, should be commenced 
immediately. This general plan of the works, iu the compilation of 
which it was necessary to take into account the principal object which 
they had to satisfy ; the services which they could lend successively to 
the difterent branches of the public administration ; the state of ad- 
vancement of the geodetic triaugnlations; the personnel and material 
of the institute, and the credit at its disposal, contains, among other 
things, the following directions : 

"All the topographical works which are undertaken by this institute 
will have to be closely connected with the geodetic triangulation of the 
third order ; but as this has been executed only In the Balearic Islands 
and the provinces of Madrid and Guipuzcoa, it is necessary to plan the 
operations in such a way that, without delaying until the geodetic trian- 
gulation covers a part of the territory determined upon, it may be pos- 
sible to arrange in it a sufficient number of points of reference, trigo- 
nometrically situated, to complete later, and when the geodetic net- 
work has been further extended, the required connection between the 
" 'j triangles, which are the basis and foundations of the topo- 
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graphical representation aod the works of detail undertaken to perfect 
thia representation." 

" To attain this object, it will be sufficient that , the topographical 
fiketches rest npou special triangulations, which in their turn can at the 
proper time be coTinected with the geodetic work of the third order. 
And it is not necessary that these topographical net- works should preeenc 
that regularity which is generally reqnired in the geodesy of the differ- 
ent orders ; but, on the contrary, in consequence of their special objects, 
they may offer a mass of triangles of different forms and dimensions, 
some arranged in the form of a continuona net- work, others superposed, 
and nearly always without immediate relation with those of the adjacent 
triangnlations. It is, however, important that -the angles should be 
confined within c )nvenient limits, and that from their vertices it may be 
easy to see the geodetic points, if there are such, or those points which 
it is probable willhereafter be made vertices of the general triangulation." 

" Each of these partial triangulations must start from a short base, 
carefully measured by topographical methods." 

" When the connection of the partial triangulations with the general 
geodesy of the tJiird order has been accomplished, their azimuths will 
be determined, and the positions of their vertices can be calculated; 
but, in order that approximate azimuths may be had immediately, the 
necessary observations to determine its azimuth by the aid of Polaris 
will be made at one extremity of each base, usiug a theodolite which 
reads to fen seconds." 

"At the same time that the horizontal and vertical angles are read on 
each vertex of the partial triangulation to the other vertices of the same, 
readings will also be taken to all the prominent objects of the surround- 
ing country, such as towers, farm-houses, villages, mills, and boundary- 
marks, in order to connect this triangulation with the detail work." 

"Each of the partial triangulations must cover the area of one or more 
municipal districts, and the length of the sides, which should average 
3 kilometers, must not exceed 6. These triangulations will be made 
with repeating theodolites reading to teu seconds." 

" The topographical surveys will be divided into two classes, the first 
of which will comprise the planimetry, and the second the hypsometry." 

" The planimetry will embrace the drawing of the perimeter of each of 
the municipal districts at the time at which the survey is made, pro- 
vided the land-marks have been set ; the perimeters of the jurisdictional 
districts belonging to the same council, the topographic features, such 
as rivers, creeks, canals, roads, valleys, and groups of houses ; lastly, 
the limits of the different kinds of cultivation whose area exceeds 10 
hectares, (24.7 acres.) All these lines will be joined with the geodetic 
or topographical triangulationpoints by sights taken from the topograph- 
ical stations of detail." 

"The field-sketches will be drawn on a scale of ^5 Jii^, in order that 
the reductions which may be conveuient may be attei'ward made." 

"The second class of the topographical surveys will have as start- 
ing-points the special lines of levelinga of precision and the altitudes 
of the geodetic vertices ; as its sole object is the representation of the 
relief on a reduced scale, the operations will be limited to that which 
is strictly necessary for this special purpose. The second class will 
also comprehend the drawing of the topographical sketches of the 
towns which do not have them, but with no more details than are nec- 
essary for the publication of the map." 

The general x^rinciples which precede, referring to the first class, 
received their complete development in some iustructiooa compiled by 
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a commission, presided over, according to regiilatioos, by the director 
of tlie Geographical Institute, and composed of four chiefs of the Corps 
of Topographical Engineers, numerous models, which should conduce 
to good order and uniformity, aeoompaoying these iastructions, which ia 
autograph form are circulated among the persons charged with these 
new worlis. 

It having been determined to commence the triangulatioas and topo- 
graphical surveys in the province of Cordova, eight parties were sent 
there. Bach party was coaiposed of two officers and five topographers, 
who worked under the immediate orders of an officer of the corps in 
charge of all the surveys of the province. 

In the four months from the end of November to the end of March, 
553 vertices for the topographical net-work of triangles have been 
chosen, 22 bases have been measured, and their azimuths have been de- 
termined by observations on Polaris ; 347 vertices have been occupied 
with the theodolite ; the number of stations occupied with the compass 
reaches 82,967 ; aud the number of kilometers measured amounts to 
8,129, aud, in addition, 50 boundary-lines between different municipal 
districts have been finished. These operations have completed the trl- 
angulations, now approved by the director of the Institute, of the dis- 
tricts of Caiiete de las Torres, Doila Mencia, Zuh6ros, Posadas, Aguilar, 
Morente, Puente-Tojar, Encenils reales, Monturque, Cirpio, Bujalance, 
Pedro-Abad, Zambra, Lucena, Montilla and Cabra, which cover an 
area of some 156,009 hectares. 

The tri angulations observed, but which have not been eubmitted for 
approval, cover an area of 35,000 hectares. 

There have been examined in the Institute, previous to presenting 
them for approval, the topographical sketches of the districts of Mou- 
turgue, Posadas, Pedro-Abad, Morento, Carpio and Bujalance, which 
comprise an area of 53,000 hectares, in which the planimetry is fin- 
ished, aud in a{ldition the same first period is completed in 116,000 
hectares of the districts of C6rdova, Lucena, EncenAs reaies, Cabra, 
Monturque, Aguilar, and Pueute Genii, aud in 152,000 hectares of vari- 
ous other districts. 

So that the topographical triangulations have been observed over an 
extent of 506,000 hectares, and the planimetry completed in 32i),000 
hectares of the province of Cordova. 

The province of Madrid, in which for some years works of cadastral 
topography have be^u carried on, requited primarily that the topograph- 
ical triangulations of the districts, iu which these have been completed, 
should be connected with the geodetic work of the third order; that the 
remaining survey should be projected and the observations made; that 
the completed sketches should be reduced, and those which are not 
should be drawn, in accordance with the new instructions; and that the 
levelling, when it is necessary, should be finished. 

The result obtained in an interval of time equal to that in Cordova, 
by IG officers and 10 topographers with their provincial chief, was the 
selection of 360 vertices for the triaugnlation, the occupation of 246 
vertices with the theodolite, and of 5,281 stations with the compass, the 
measurement of 1,070 kilometers, the making of 9,696 fevelling-stations, 
and the fixing of 59 boundary-lines. The rest of the force has been 
occupied in office-work, finishing those works which were incomplete, 
and making the necessary reductions. 

In the latter part ofMarch,to commence the operations in the proviuce 
of Seville, six parties set out, formed iu the same manner as the Cordova 
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parties, aod also under the orders of an officer of the Corps of Topograph- 
ical Engineers, in charge of the topographical surveys of the province. 
By special command of the government, the cadastral topographical 
works, which are abont completed, have been continued in the districts 
of Cactagene and Valdeolivas, in the provinces of Miii'cia and Cuenca. 
The municipalities have borne all the expenses except the salaries of the 
assistants. 

PUBLICATION OF THE MAP. 

The topographical and geodetic works of the first order haviug been 
nnited in one establishment and placed under the same direction, the 
azimuth of one side of the tiTangnlation having been determined , orders 
having been given for making the levellings of precision which are 
to do away with the nncertainby regarding the altitude of Madrid, a 
force having been organized among the officers of the (Jorpa of Topo- 
graphical Engineers competent to develop in convenient proportion the 
triangnlation of the second and third orders; this corps, composed of 
300 individuals, having devoted itself to the topographical operations 
which the construction of the general map of the territory requires, and 
lastly, the results previously obtained, with other ends in view, having 
been utilized, after being completed, it has been possible to plan the 
preliminary arrangements for tlie publication which all the nations of 
Europe, including Portugal, have at least commenced many years ago. 

The general directions, which, in accordance with the proposition of 
the Geographical Institute, His Highness the Regent of the Kingdom 
has been pleased to dictate, under date of the 30th of September, 1870, 
are ; 1st, that the publication shall be made on a scale of 1-50,000 ; 2d, 
that the map shall be divided into sheets of 20 minutes' base in the 
direction of the parallels by 10 minntes' altitude in the direction of the 
meridians ; 3d, that the portion of the terrestrial surface represented on 
each one of the sheets shall be considered as a plane, without subjecting 
the map to any system of general projection. 

So much for the publication on a large scale ; but as this class of 
works is not, on account of its cost, within the reach of the pablic, it is 
necessary to study the conditions which should govern the publication 
of a reduced map. 

In the first place is presented the question of the system which it may 
be couvenient to employ for the projection of this reduced map, anij 
concerning this, careful studies are being made by the chief engineer of 
roads, canals, and ports, who is charged with the publication of the map 
by the Geographical Institute. He is also occupied in examining the 
different systems of representation and material methods of reproduc- 
tion, in order to propose those which it may be convenient to adopt in 
our country. 

This section has devoted itself, moreover, to all the labors of the com- 
mission for the territorial division of Spain for projecting the provisional 
law upon the organization of the judicial power — a commission appointed 
by the minister of grace and justice, and to which the director of the 
Geographical Institute and the chief engineer of the section, who dis- 
charges the duties of secretary, belong as voting members. 

ACCOUNTABILITY. 

This section, composed of a chief, an assistant officer, and four clerks 
belonging to the civil administration, has been occupied from its creation 
with all the measures pertaining to an economical administration. It 
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formed tbe project of instructions in force for the service of aceonata- 
bility of the Geographical Institute ; has ezamined the accounts which 
are rendered monthly from tlie field by botli tlie geodetic and topo- 
graphical parties, whose total number now reaches more than 30 ; has 
made payments of bills ; has assisted, as opportunity offered, all the 
business of the depositary of funds; has issned instraction for the neces- 
sary expenditures, and has given iuformation to the other sections in 
regard to services by which expense is incurred ; and, finally, it fixes 
the rates of pay and allowances of all the personnel. It has also had 
charge of the registry of letters sent and received, and of the service of 
the (cierre?) 

Translated from " Desm-ipcion Geodcsioa de las Islas Baleares,'" by 
Lieut. P. M. Price, Corps of Engineers. 
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CHAPTBE VII. 

§ 1. B"OTES ON THE TOPOaKAPHICAL SUBVEY OF SWITZEKLAKD. 
GEKEEAL PLAN OF THE SUEVEY AKD PUBLICATION. 

The Dafoui' chart of Switzerland is on a scale of 1 ; 100000. 

On the 18th of December, 1S68, the Ooufederatioa resolved to have 
original topographical sheets made for those Cantons where no such 
sheeta existed- 

The cost was to be eqnally divided between the Swiss Coiifoderatioa 
and the Cantons. 

SCALES EMPLOYED, 

The scale of the original topographical sheets, which are all C^.SS long 
by 0™.2i high, is 1 : 50000 in the vicioity of the Alps and 1 : 25000 else- 
where. 

A sheet on the 1 : 50000 scale represents a distance of ITiSOOi" from 
west to east, and 12,000'° from north to south, and contains 9.1L square 
stunden, (1 stunde^ 4,800 meters.) 

A sheet on the 1 : 25000 scale represents a distance of 8,750" from 
west to east, and 6,000™ from south to north, and contains 2.28 sqnare 
stundeu. 

The border gives the longitude and latitude after the modiflod Flam- 
steed's projection. 

The sheets are also divided into rectangles of IjSOO" or 3,000™ dis- 
tance from the meridian and its perpendicular at Berne. 

The rectangular co-ordinates are computed from the projected geo- 
graphical co-ordinates. 

The published sheets are ou the same scale and are scarcely changed 
copies of the original sheets. 

The sheets on the 1 : 25000 scale are engraved on copper ; those on the 
1 : 50000 scale, on stone. 

MATERIALS AVAILABLE. 

The topographical sheets made either under General Dufour or by 
the Cantons subsequent to 1837, were available for the new survey. 
Many of these were on a scale of 1 . 100000 and without level curves. 

This portion has to be done over, and all the old sheets are to bo re- 
vised and corrected. 

LEVEL OTJEVICS. 

The topographical work is baaed on triangulations of the first, second, 
and third orders. 

The level curves are 30™ apart for the 1 : 50000 scale ; 10™ for the 
1 : 25000 and in exceptional cases S™' and 4™. Each tenth curve is broken 
! nd its height written upon it. 

INSTKUMBNTS. 

For the 1 : 25000 scale the plane-table with vertical circle compass 
and stadia is used; and in the high mountain region, where the scale is 
1 : 50000, a smaller plane-table without stadia is used. 
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OEGANIZATION OF THE SURVEY. 

The survey is under tlie immediate charge of the chief of the staft 
boreaa of the Swiss army — at the present time, Colonel Siegfried-i-aud 
constitutes the topographical division of the bnreau. 

The employes of the topographical division receive their orders di- 
rect fiom the chief of the staff bureau, and, as a rule, by monthly pro- 
grammes of worlr. 

At the end of every month every person charged with work is reqiiired 
to submit a report to the chief of the staff bureau ou the executiou ot 
the orders received. 

The personnel of the topographical division is as follows : 

1. The engineers. 

2. The topographers and draughtsmen of the office. 

3. The engravers on copper, and the lithographers. 

4. The printers. 

The engineers comprise : 

a. One verification engineer, 

h. One triangulation engineer, 

c. A cumber of engineers for the revision. 

a. A number of engineers for new surveys. 

As a rule, the engineers who execute new surveys are paid by the 
square stunden of work done, a special agreement being made tor each 
section of work given out. 

The other engineers either receive yeafly salaries or are paid by the 
day. 

On the 3d of May, 1S73, the chief of the staff bureau, Colonel Sieg- 
fried, fixed the price of topography at 700 to 800 francs per square stan- 
de on the 1 : 25000 scale, depending on the character of the work as shown, 
by the revision in the field. 

For the 1 : 50000 the prices are one-balf of the above. 

The co-ordinates of a sufficient number of trigonometrical points are 
furnished to the engineers who undertake to do the topography. 

A portion of the engraving and printing of the sheets is done in the 
office by employes at a fixed salary, but the greater part of it is done by 
contract with private parties. 

The following synopsis of the instructions issued for the execution of 
the work on the different scales will show the character and scope of 
the survey and of the final atlas : 

IHSTRUCiTIONS POK TOPOGRAPHICAL WORK 0:S THE 1:50000 SCALE, 
15Y GENERAL DUFOUR. 

Objects to he shown. — All streams, crests of mountains and summits of 
hills, all roads, lakes, ponds, marshes, mines, quarries, and peat-bogs ; 
glaciers, masses of rock, moraines, ruptures of soil ; woods and vine- 
yards, .whose contours must be accurate j cities, villages, and hamlets ; 
isolated houses are less important ; bridges, ferries, and fords ; roads 
are to be represented by black lines ; water by a blue tint ; dwellings in 
red; woods by a pale yellowish green; vineyards by pale violet; 
marshes by blue and green panach6 ; stone bridges by a red, and wooden 
bridges by a black line ; limits of cantons by a broken red line ; peat- 
bogs by pale brown. 

Writing must be in careful round hand. The leveling is to be as pre- 
cise as the instrument admits ; level-curves, 30™ apart, in burnt sienna- 
Beginning and end of slopes in dotted lines and intermediate curves, if 
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I, in same way. Crests of hilla, heights of streams, and other im- 
portaat points, being fixed by leveling, the curves will be generally 
traced by the eye. Their object is to fix the hachnres to be added after. 
Tliey will give the general forms, but all abrupt accideniB of the surface 
must be represeutecl directly by baehures. 

INSTKUCTIOHS FOR THE 1:25000 SCALE, ISY COLONEL glEGFElKD, MAY, 
186:^. 

1. Grapldc triangulation. — The topographer must first determine by 
rays from the trigonometrical points the positions and heights of a great 
number of other points on the plane-table. 

After the triangulation points, he will occupy his well-determined 
points. 

2. X>raicing of details and topography.— la accessible ground this will 
be done by stadia lines, with compass-needle and plane-table, sighting 
to and from all main stations. All observations are to be recorded in 
note-book. 

Objeets to be drawn. — All thoseof the 1 : 50000 scale, all buildings, alleys, 
and considerable groups of trees. Limits of individual properties, and 
cultivations, are not required, as these would overload the map. 

Hedges that would impede troops must be given. 

The conventional signs are the same as for the 1 : 50000 scale. 

The heights of all important points are to be determined with the 
utmost precision, tising geodetic methods. 

less important points for fixing level-curves, of which many are 
wanted, may be determined by the quadrant of reduction. 

Level-curves are to be 10"^ apart, and drawn in burnt sienna; the lim- 
its of slopes, iuterniediate curves, when needed, and every tenth curve, 
being dotted. 

The heights of level -curves are to be written in brown, and of leveled 
points in black. 

The general forms are to be given by the level-curves ; base rock, by 
black curves, or if steep, by black hachnres ; very steep and broken 
earth, by brown hachnres. 

Aeeuracg. — In verification the mean error of ten observations on 
clearly visible points from a trigonometrical station, shall not exceed 
0.5™'". Errors of l.S™" are not allowable. 

The greatest difference in heights of leveled points when determined 
from three to five stations, must not exceed 5". 

Elevations under 5'^ must habitually be used in levelling. 

Ln projection of valleys and crests no level curve must be in error by 
its distance from the next; that is, no curve must be out by 10™ in 
height. 



JHangulation. — The trigonometrical points must be permanently 
marked either by the setting of stones of fixed dimensions, or by 
cutting marks in the rocks. 

Planimetry and hj/psometrj/. — The chief of the staff bureau designates 
for each section the extent of the verification and revision. 

The positions and heights of the points of the country are verified 
from the triangulation s' 
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All alteratloos aDil new constructions of roads, aad all changes in the 
towns and settlements, mast be surveyed. 

The cantonal and district boundaries must be surveyed. 

The boundaries of forests and townships must be carefully revised. 

The hypsometry must be completed, so that altitudes shall be given 
at the paints of confluence of rivers, at bridges, and at a sufBcient num- 
ber of intermediate points to show the slopes of the rivers ; at all towns, 
at road-crossings, and at a sufficient number of intermediate points to 
show the grades; at the summit and passes of mountain ridgea, in the 
valleys, and at prominent points throughout the territory. 

Names. — The engineer will ascertain from Intelligent inhabitants the 
correct names of places, rivers, roads, mountains, glaoiers, &o., as well 
as the local methods of spelling such namee. He must also obtain the 
popular names of parts of the terrain which form topographical districts, 
such as valleys, gorges, plains, plateaux, &c. 

As results of the revision the following documents are required: 

a. The verification record, 

b. A drawing on the scale of the original containing the surveyed 
alterations and corrections, and tlie corrected and completed nomen- 
clature, 

c. The field-boot for hypsometrical observations, 

d. A record of altitudes according to form. 

e. A list of names, with the different mctliods of spcilicg the same, 
and the authorities therefor. 

/, A list of streets and roads, containing, in the columnsfrom 3 to 3, 
the distances in marching time, the widths, greatest grades, and the 
classification of the roads. 

EESULIS ACCOMPLISHED AT TUB EKD OP THE YEAll 1874. 

A general chart of Switzerland in four sheets, on a scale of 1 ; 250000, 
has been completed and published. 

The Topographical Atlas, when finished, will include 546 sheets on 
the 1 : 25000 and 1 : 50000 scale. 

The survey and revision of ICl sheets has been completed. Of these 
161 sheets, 75 have been published, 26 are in the hands of the engraver, 
and 60 are ready for the engraver. 

The Bufour map of Switzerland, ou a scale of 1: 100000 was begun 
in 1S37, and completed several years ago. 

It is corrected for changes from time to time. 

Aittkoritm. — Instruction pour les lev^s au 50m., GiSti^ral Dufour 
(1: 50000). Pttr topographische AufnahmeimMaasstab 1 : 25000. Col- 
onel Siegfried, 1808, Erlanternngen zum topographischen Atlas der 
Schweiz. Organisation dee Stabs-Bureau : Topograph ische Abtheiluug, 
by Colonel Siegfried, 1875. 

Arranged by Lient. P. M. Price, Corps of Engineers. 



Hosted by 



Google 



UHArTER VIII. 

5 1. — MisMOiK ON Swedish surtbys, by Col. Victor von Vegesack, 
Chief of the Topogeaphioal Division. 

topogeaphioal division of thuj 

Gbneeal Staff, No. 131, 

Stookltolm, JVoeember 16, 1875. 

STATISTICS RRLATINIi TO THE CEODBTIC ASD TOPOGRAPHIC AI, WORKS BXECUTRD AND 

ORGANIZATION. 

Before topographical surveys, map-making, and description of the 
ooantry were iutrasted to a spectal corps organized for that purpose, 
such work was attended to by other oflEicials or by private parties. 

When the Swedish land-survey was established, in 1603, its main 
object was work of a geographical character, surveys of private prop- 
erty being only secondary. Burens, the first chief of the land-survey, 
published, as early as 1620, a condensed map of the whole kingdom, and 
afterward ma])S of Svoa-laud,'* Gotha-land, and Finland, and of several 
Swedish and Finnish provinces. 

During the next forty years the work on larger maps came to a close, 
but was revived by King Charles Xl, who, in 16S3, issued instructions 
for the land-survey. 

The land-survey received a first change in its coarse of action through 
the ordinance concerning skiftmta, (the shares.) or the division of the 
village communities into independent lots. This change was made in 
1743. In 1765 the geographical work had to give way entirely to the 
"shares," and was notatteoded to again until seventy years afterward, 
and then but slightly. During this interval. Baron S. G-. Hermelin, a 
Swedish geographer of high merit, made explorations in Westerbotten 
and Lappmarkeu, and published maps of N'orrlaud and Finland. 

The government* granted him the privilege of publishing for a period 
of fifteen years provincial maps of Sweden, in accordance with an adopted 
plan. For the central and southern provinces "hemman maps" were 
compiledj and ever since 1798 there had been in progress astronomical de- 
terminations of geographical positions, the need of which had by this time 
become sensibly tfelt. During ten years sixteen maps were published by 
Baron Hermelin. In 1809 his lack of means threatened to stop the 
map-work, and it was offered to the government for redemption, but 
the Assembly of the Diet refused to appropriate the necessary funde. 
Two private individuals, the Barons Bonde and Adelsward, then came 
forward, with -whom Hermelin agreed to form a stock company, assum- 
ing the name of " Geografisba Turtittnlngen," (the geographical insti- 
tution,) and five of the maps bear the name of this flrio. There are alto- 
gether thirty-one maps in the Hermelin collection, of which twenty-two 
were constructed by C. P. Biillstrom. The proposition made in 1809 to 
transfer the map-establishment to the government was again brought for- 
ward in the Diet of 1823. The assembly this time gave its consent, and 
the map-work was transferred to the previously-organized land-survey 
office. Wo new maps were published while it was iu charge of this 
offlce. 

The charts were compiled exclusively from the land-survey operations, 
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and conspquGQtly those of Hemieliu areiiiauffideut for military ase, beiug 
pnblished on small scales, not showing the relief of the ground, or the 
timber, and the swampy land only in part. The need of maps with good 
topography, felt during the many wars in Europe since 1792, gave in 
most countries the first impetus toward the foimation of extensive con- 
nected topographical atlases, which were afterward and are still 
executed by military corps or^nized for that special purpose. 

Bather comprehensive Swedish military maps wereineourseof prepara- 
tion as early as the beginning of 1770, in the neighboring country of 
Finland, under the direction of Major -General Sprengporten and Colonel 
Klercker. There are in existence also earlier Pomeranian and Norwe- 
gian boundary maps prepared by the Boyal Fortification Corps, which 
are a credit to those who executed them. An entirely new epoch in 
Swedish topographical operations was introduced in 1805, when, at the 
suggestion of Maj. Gen. G. W. af TibelJ, the Swedish Field Survey 
Corps was established. By the royal letter of Axiril 16, 1805, and in- 
structions of 1806, the object of this corps was declared to be to compile 
in time of peace complete military maps of the kingdom based on trig- 
onometrical and astronomical observations, accompanied by topograph- 
ical, statistical, and military descriptions. Necessary instructious for 
the execution of this work were given, among which were, that the scale 
for the field-work and the preliminary map should be 1 : 20000, and for 
the so-called special maps which were to be compiled from them 1 : 100000, 
and that the corps in time of war, iu co-operation with the general staff 
of the army, should perform such duties as in most countries belong to 
the staff ot a quartermaster-general. In conformity with this, by royal 
order of 1806, the title of " yuartermaster-general," which subsequently 
has been applied to the chief of the fortification corps, was conferred on 
the chief of the field-survey corps. The balance of the foriie consisted 
of one lieutenant-general quartermaster, one major, one professor, four 
captains, (of whom two were adjutants,) six first lieutenants, six second 
lieutenants, one clerk, and two draughtsmen.. To the corps was joined 
a bureau called " archives of war," where all government collections of 
domestic and foreign military maps, &c., formerly scattered in various 
places, were deposited, and funds were appropriated to increase the col- 
lections of the archives by yearly purchases of maps, books, and instru- 
roeuts. 

At the time of the Diet of 1809 the idea seems to have gained ground 
that the field-survey had been wrongly separated from the fottiiication 
corps and ought to be reunited with it, economy being held forth as the 
motive for this union. The result was not entirely satisfactory. The 
government declared in ISll that both corps should be placed under 
one common chief, to which position, by general order of July 3, of the 
same year, Maj. Gen. af Tibell was appointed. Shortly afterward it 
was ordered by the government that the corps thus united should 
bear the name of "The Royal Engineer Corps," but remain divided into 
two " brigades," the fortification and the field-survey brigade, each 
of which maintaining it« order of promotion, should continue with the 
same duties which had hitherto been prescribed for it. The saving was 
slight and the union loose. It continued for twenty years. 

l)oubt8 as to the practicability of the union with the fortification- 
corps were expressed ofQcially iu 1814, principally on account of the 
duties which in the field fell on the field-survey brigade. Explorations, 
projects for trails, camps, positions, quarters, defenses, and the like, 
which in timeof war belong to offlcers of the field-survey, have the most 
intimate connection with the services of the general staff, for which 
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reason the brigade ought then to be in cooperation with tbe staff, and 
only in time of peace be separated from it. It was not until 1830, how- 
ever, that in Sweden the question of the separation of the two bri- 
gades was brought up iu earnest. This course was advised mainly 
by the then chief of the engineer corps; after which, in 1831, 
the government ordered that tbe field survey brigade should be 
separated from the engineer corps, and, under the name of tbe topo- 
graphical corps, should form a special division of the general staff 
placed under the command of the adjutant- general of the army in all 
concerning the inspection of the corps and the general arrangement of 
the work. The new chief, the then brigade chief. Colonel Akrell, took 
charge and continued for a quarter of a century to devote his active 
care to tbe art of topography. In 1856 be resigued, and was succeeded 
by Ool. J. A. Hazelius. 

By a royal order issued in 1831, the topographical corps was com- 
pletely organized. The force was to consist of one colonel and chief, 
one major, one professor, three captains, six lieutenants, one draughts- 
man, and one messenger. 

Since January ], 1874, the topographical corps has been dissolved 
and united with the re-organized general staff. The topographical work 
is now executed by the " topographical division of tbo general staif." 

FOECB EMPLOYED AT THE MAP ESTABLISHMENT. 

Some ofQeers of the army had already served from 1805 to 1815 in 
the fleld-survey corps. To hasten tbe surveys, it was directed in 1821 
that officers with some skill in map-drawiug should be ordered from 
the army every year as assistants iu the summer-wort of the fleld-snr- 
vey brigade. If this assistance was required at that time, it was still 
more called for when, through the organization of 1831, the strength of 
the corps from 21 persons, to which it had shortly before amounted, 
gradually decreased to 11 officers of the regular service. 

In lS3i, a rule was established that to flll the places of second lieu- 
tenauts withdrawn, a unmber of army officers snfflcient for the work 
at the time should be detailed, and together with the topographical of- 
ficers and under the command of the latter, should make field-surveys 
and work pertaining thereto ; these officers being required to have as 
much skill in field-surveying and map-drawing as is demanded of the 
cadets at graduation. In this way, the map-work was hastened and 
the army officers gained experience in surveying. But most of the 
officers detailed served altogether too short a time to benefit the map- 
work iu proportion to tbe expense. Experience has proved that two or 
more summers, according to different natural talent, are required for 
gaining sufficient skill in complete field-surveying; and as according to 
custom only one-third eoutinnes the third summer, when the principal 
gain for the map-work would begin, in 1847 it was ordered that there 
shonld be employed for continuous service, for a term of three years, 
six or at most eight officers who had previously served in the corps at 
least one year. The number of applicants was never equal to the de- 
mand. To supply the deficiency and to have a permanent woifcing 
foixje at command, the royal majesty" permitted in 1858, at the request 
of the chief, the employment in the corps of eight sub-ofdcers [guider) 
who were to devote themselves exclusively to map-drawing, in order to 
attain the technical skill desired. At the end of 1873, shortly before 
the topographical corps was entirely united with the general staff, these 

' "' '6 relieved, but those wisliing to continue to devote their 
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time to map-dcawing were teLiiiiied under the uiime of extra assistauts 
Three of these who had for some years beeu engaged in map-eiigraving 
were employed as engravers. 

To show how large a force is generally eugaged in the topograjjhical 
work, it may be mentioned that iu the summer of 1ST5, 2S persons took 
part, among whom were 8 officers, a professor, and two aspirants, be- 
longing to the general staff, 12 officers of the army, and 5 civil asBistants. 
This year 24 persons were engaged on the winter work, of whom 10 be- 
long to the general staff, 5 are civil assistants, and 9 are officers detailed 
from the army. The number of engravers is at present 7. 

THE PKOJEOTION OP THE MAP. 

The method of projection adopted for the Swedish atlas was worked 
out iu 181G by Second Lieut. Count C. G. Spens. It was regarded as 
important, for a comprehensive military map for field use, tbat as large 
a territory as can at once be surveyed by the eye should take, without 
noticeable error, a conformable shape on the paper. Count Spens calls 
this quality " correctness of contour." It exists in two older projections, 
"the stereographic" and the "increasing cylindrical," but as the sim- 
plicity of the projection net was regarded as being of particular im- 
portance, satisfaction could not be obtained from the former, in 
which, when the compression is considered, meridians and parallels 
are indicated by ellipses or by circles. The increasing cylindrical 
projection, again, causes such a considerable change in the scale that 
it is seldom used, except when one is to be guided by compass, 
as for lake charts. Its chief property, that the scale increases from 
the middle toward north and south, was by Spens applied to the 
conical class, and he thus became the inventor of a new method, which 
he called "the increasing conical projection." The projection error in 
the increasing conical method, as in the stereographio, consists in the 
changeableness of the scale. It is so arranged that the error becomes 
equal at both borders of the map in north and south, and in the 
direction at right angles, somewhere in the middle. The projection 
belongs, consequently, to that part of the conical class called " intersect- 
ing," and is such that the projected surface, to its minutest parts, eon- 
forms to the one to be represented. The scale is a little too small at 
the middle of the map, at the north and south borders a little too 
large, and at the two latitudes correct. 

In the documents of the Eoyal Scientifle Academy for 1817, the 
inventor has given a complete investigation of the formula pertain- 
ing to this method. From these it will be found that the inner 
maximum of the error does not strike midway between the limits, 
neither do the correct parallels come half-way between the center and 
the borders, as is still usually assumed. 

The whole calculation extends from the borders of the map. For 
these borders were selected the most southerly cape of the province 
of Schonen and the most northerly bay of Botany Bay. No map on 
a large scale seemed to be required north of this bay, and even if 
the map was to be extended over Lapland and Einnmarken, it was 
thought better to place a greater error iu those out-of-the-way places, so 
as to have the more southerly and more thickly inhabited territories 
better represented. The meridians are indicated by straight lines and 
the parallel circles by concentric circles. The cone by whose devel- 
opment the map is obtained int-ersects the spheroidal globe along two 
parallels, 56° 57' 31.5" and 6i° 22' 59.5", at which points the error of 
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tlie projection is zero. The greatest projection-error ainoanta to 
0.0021, and occnrs at the adopted boundary latitudes ia north and 
south a. e., 650 50' 20.4" and 55° 21' 19.4") and at the degree of lati- 
tude which is equal to half of the coniea,! augle, or to 60° 44' 29.6". 

The compression of the globe is in the Swedish projection net assumed 
= ^sj.VeST *^*^ the radius at the equator = 6376797.06 meters, which 
figures were at that time looked upon as being the most probable. To 
approximate these after every new observation has been regarded as 
leadiog to eoufusion rather than to advantage, and conseqneutly they 
have been retained in the calculation of the triangulation net. 

Por the principal meridian that is adopted which rnns 5° west of 
Stoeliholm Observatory, and which is also very nearly the same as the 
central meridian of the Scandinavian peninsula. 

DIVISION INTO SHEETS. 

In accordance with the plan adopted by the government for the 
Scandinarian map-work of 1816, it was determined that for the Swed- 
ish military-map work the sheets should be of a rectangular form 594'""' 
long and 445'°'" wide. The principal meridiau makes one side border on 
all sheets where it ia fo appear; the other sheets have two sides par- 
allel to it, and two at right angles. The sheets are numbered with 
Bomao numbers sideways in both directions from the principal meridian, 
while their position east or west of this line ia iadicated by O (for Os- 
ter=ea8t) or V (for Vester=weat.) 

In the north and sonth directions the sheets are nambered with Ar- 
abic figures, counting from the perpendicular to the principal meridian 
at the nearest fall degree north of the peninsula, or 72°. Thus, for ex- 
ample, Stockholm on the sheet is V 6 32. Each sheet is uamed after 
some city or other place of note within its boundaries. 

The whole atlas comprises 232 sheets, if Lapland is included. The 
area of the whole kingdom, however, corresponds to only 169 fall sheets. 
Each sheet contains 2,644.56 square kilometers. The area of the whole 
country, including the larger lakes, is very nearly 8,046 Swedish geo- 
graphical square miles. 

TEIANGULATION. 

The oldestSwedish triangulation net known was laid out by "tT. Schen- 
mark in 1758 to 1761, from Oimbrishamu, iu Schoonen, along the coast 
to the boundary of Norway. The net is narrow in some places, and the 
defective instruments which were then used and a want of care in the 
reduction of the angles prevent its acceptance as reliable. It iSj how- 
ever, the only case in olden time in Sweden where an idea of triangu- 
lation on a large scale has been carried out. During the forty years 
following various coast -triaugulations were executed for the compilation 
of lake charts separately for each locality, and often with very little 
connection. Some of these surveys are regarded as unreliable; con- 
cerning others only incomplete information remains. 

The first attempt of the field-survey corps in this direction iu 1807 
between Stockholm and Upsal led to no other result than giving the 
officers practice in field-work. In the same year a triangulation was 
made of the city of Stockholm. 

In 1812, triangulation -nets were laid out along the whole coast of 
Schoonen. The measured base was 6,207.421 meters. The nets were 
based on Lund Observatory, The number of signal-stations was 52, of 
which two were in Denmark. Mo intermetliate stations were fixed, and 
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the positions of the signal-stations were not designated by permanent 
marks, for which reason tlie net was of nae only during that survey. 
A new net throngh the same province, but wliieb extended further into 
the country, had therefore to be laid out 36 years later. The point of 
reference for the whole Swedish triangulation net is the Observatory of 
Stockholm, beside which the Observatory of Lund bad been connected 
liy a special survey conducted by the Eoyal Scientific Academy with 
the main triaugnlation of the topographical corps. As a check on the 
work, latitudes were observed at several of the triangulation -stations. 
The position of the net is fixed by the determination of the azimuth of 
one of the sides of a triangle extending from Stockholm Observatory. 
Azimuth observations were also made at several other points for the 
sake of checkiug. 

Besides the base-line in Sehoonen, mentioned above, four others were 
measured — the first in 1815, on the southwest coast, near the city of 
Laholm; the second base was chosen on LakeWcenar; the third on 
Lake Wetter. Both of these were measured in 1820. The fourth was 
located in the archipelago of Stockholm, across the bay of Mysingen. 
It was not until 1827 that the winter was cold enough to admit of its 
measurement. These four, besides the one in Sehoonen, are measured 
with an apparatus of wooden rods, and consequently cannot be regarded 
as quite reliable. The lengths of these bases are : Laholm, 13,314132 
meters; Wcenar, 15,135.763 meters; "Wetter, 16,816.109 meters; My- 
singen, 14,300.609 meters. 

Mew measurements of base-lines have since been undertaken, six of 
which may claim to satisfy all the requirements of the present time as 
to accuracy. Among these was one measured in 1839 and 1840, In 
Oelandjby the Topographical Corps, with the base-measuring apparatus 
which was used by Bessel in East Prussia in his measurement of an arc 
of the meridian. For the site of this base-line the elevated limestone 
platteau which, under the name of Alvareu, runs along the island Oeland 
was selected. The base was measured twice, in accordance with the 
present custom. 

The first measurement, in ,1839, gave, according to one observer's 
reading, 5,473.071 meters j according to the other observer's reading, 
5,473.084 meters ; mean, o,473.0775. The second measurement, in 1840; 
gave, according to one observer's reading, 6,473.082 meters; according 
to the other observer's readiog, 5,473.092 meters; mean, 5,473.0880. The 
mean of the measurements of the two years is consequently =5, 473.0877 
meters. 

The extremities of the base-line were marked by two atone pillars, cut 
smooth at the top, with masonry foundation, and over which arches were 
bnilt. 

In 1863 three biise-iines were measured for the Central European meas- 
urement of degrees, under the superintendence of the Swedish Seieiitiflc 
Academy, with an entirely new base-apparatus, made by Berg, of 
Stockholm. This base-apparatus is, in the main, similar to the one con- 
structed by Struve, but with some important alterations, made by Major- 
General Wrede, which considerably simplify its use. 

As something remarkable, may be mentioned that in the measurement 
of one of the bases, during a full day, as many as 270 rods were laid 
out ; and to show with what accuracy one can measure with this appa- 
ratus, may be stated that in one of the bases which was measured twice 
the discrepancy amounted to only 0.0029 meters. 

The base-lines are, one on Ladugards gSrde, near Stockholm, 2,295.045 
meters long, connected with the triangle side Lokenas-Trindtorp by a 
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triangulation net comprising 13 stations. The second base was meas- 
ured on the sandy plain at the mouth of Laga River, in Galland, 
6,923.732 meters long, connected with the triangle side Wilse-Harad- 
Knosen by a system of six stations. The third base, measured on Axe- 
valla heath, in West Gothland, is 2,618.667 meters long, and connected 
■with the sides in the main triangle Skara-KinnekuUe-Billingen by a 
net comprising 10 triangiilation-stations. 

Two base-lines were measured by the topographical corps in 1870 
and 1873, at Pahlun and at XJmeft, with the above-mentioned apparatus, 
which was borrowed from the scientific academy. The former of these 
bases has a length of 4,099.600 meters, and for the latter, which was 
measured twice, were obtained the lengths 3,189.04S2 and 3,189.0479, or, 
when the meau of the results is taken, 3,189.0465 meters. 

The forest of Swedmoften prevents the determining beforehand of 
where the main lines of the net should run. The features of the country 
and the need of economizing have uecessitated a preliminary esamina- 
tion to find where it may be possible to carry through the triangulation 
net. Hardest to pass are the limits between the provinces, where the 
ground is generally rough. Kext in difficulty are the mining and manu- 
facturing districts. Easiest is the archipelago, next are the territories 
where an originally Finnish population has, through persistent clearing 
of the land, prepared an open view. 

The length of the sides, consequently, had to depend on circumstances, 
and cannot be even approximately stated. There are some which are 
hardly 5,344 meters. One (Omberg-Taberg) is 77,391.161 meters. Forty 
thousand meters is regarded as inconvenient, and 20,000 meters is the 
best. Signals have usually consisted of pyramids, covered with boards 
nailed on at short intervals, and with a black barrel or a white target 
on top. The points where the signals have stood are designated by 
durable marks, either iron plugs inserted and secured in the mountain 
or by marks cut in the rock. 

The location of the net and the building of the signals are attended 
to by the officers. Angle observations are made partly by professors 
and partly by the officers of the Topographical Corps or of the general 
staff. The professor is accompanied in this work by an ofHcer to assist 
and to learn. 

Three larger and six smaller theodolites were used in the survey. The 
oldest was madebyEeichenbach andLiebherr, and has diameteroflimb=: 
0.4314 meters. One with diameter of limb = 0.32026 meters was received, 
in 1834, from Littmann, of Stockholm. Each has 4 verniers, which read 
to 4 seconds and may be estimated to 2 seconds. 

Since 1871, an excellent universal instrument, made by Repsold, of 
Hamburg, has been used in the primary triangulation. It is constructed 
with a broken tube, and has horizontal and vertical circles of 13 and 10 
Parisian inches respectively. In reading, microscopes are used. The 
instrument has given results which, as regards accuracy, leave nothing 
to be desired. 

In some places astronomical locations were resorted to, but have 
proved unsatisfactory, on account of their unreliability. An attempt 
was then made to ascertain whether small triangles could be carried 
through where large ones were unattainable. This caused the use of 
smaller theodolites, suitable for triangulation -lines of the second order, 
extending from the main system. Observation and calculation occupy 
here about the same time for the same distance in njiles. The principal 
advantage of the smaller instruments is that they can be more easily 
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transported to auii from tlie stations. Three were made by LittmanQ, 
of Stockholm, and three by Jiiuger, of Copenhagen. 

At the present time a triaogulation net of the first order stretches 
along the entire coast of Sweden from Svinesund to Torne^,. Besides 
tbis, and in connection with it, systems of triangalatiou have been laid 
out with the same accuracy in the direction of meridians and parallels. 
Triangnlations of the second and lower orders within the lines of the 
main system have in these parts of the country within a short period 
given points suflBcient in number for the atlas. S'ortheru Sweden has 
as yet few geographical positions, but, as the final triangulation of the 
southern and central parts of the country is soon to be completed, the 
geodetic work in that part of the country can be carried on with more 
energy. 

LEVELING OPBRATIOSS. 

In former times no particular importance was anywhere attached to 
the rise and fall of the ground. In this country it was necessary not to 
divide among too many works the small appropriations and the limited 
force which eonld be employed on the map-work. When noticed, how- 
ever, that Sweden stood alone in this, the observation of altitudes 
began to be attended to at first only as secondary work, in connection 
with astronomical observations and triangulation. But little time 
was given for this purpo|Se, nor could suitable locations always be 
obtained ; for if the point is not situated either on a watercourse or 
on a watershed, the knowledge of its elevation is of little value. During 
the last two decenniums a complete examination of the ground features 
has been made, partly by the topographical corps and partly by the 
office in charge of the Swedish geological survey. The works of the 
different offices are performed on a common plan and in connection with 
one another. 

The examinations are made by leveling, and start from the mean water- 
level of the Oattegat and the Bast Sea, (Baltic,} which has been obtained 
from observations on the water-heights made at the light-houses during 
many years in succession. Lines of levels are run across the country 
from sea to sea. The east and west lines are combined with lines run- 
ning north and south. From these main or check lines extend detail- 
lines, through which points sufficient in number are determined for the 
requirements of the map ; 30 to 40 points are generally included within 
114 square kilometers. (See further the method of working on the scale 
of 1:50000.) 

During late years trigonometrical leveling has been connected with 
all triangnlations. 

SKELETON MAPS. 

In Sweden, for more than twenty years, a bureau lias existed called 
" Central Archives," the general land-survey offtce, where copies of all 
geometrical maps are preserved ; and in the provinces a special depart- 
ment, called " Provincial Archives," for the original maps. These maps, 
through their number and the large scale (1;4000) on which they are 
usually constructed^ give an opportunity for simplification, which has 
not been neglected m the military map-making of the country. Thus, 
with the aid of the means just referred to, a so-called skeleton map has 
been compiled since 1828. The skeleton map is put together in the fol- 
lowing manner: Those geometrical maps retained in the laud-survey 
archives which are not from age or from other reasons regarded as use- 
less are reduced to the scale adopted for the field-survey. When land- 
survey maps could not be obtained, the interval has been filled either by 
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distance- measurements, or, when the triaiigulation-net was distant, a 
baae-liDe was measured on the ice tbe previous winter and a smaller 
triangalation-net extended from it ; occasionally the complete survey by 
land- survey or 8 on the ice of one or more lakes or morasses has been prp- 
vided for. After these preparations, when a number of larger or smaller 
map-pieces has been collected, they are put together to form a whole. 
This putting together is carried out in the following manner : On a laige 
table, with a perfectly plane top, all the triangnlation-points, spherical 
as well as plane, are plotted according to scale. These points are located 
during the triangulation proper with reference to surrounding objects, 
so that they can be plotted each on its respective piece. Each such 
piece is now laid over the corresponding triangulation-points on the 
table and Is attached thereto with a needle, which is pricked through the 
point on tbe paper. Next are arranged round these all the remaining 
pieces in their proper positions, which can be ascertained from the inscrip- 
tions round the borders of each piece. All that now remains is to move 
and fit these numerous pieces so that they become one harmonious 
whole, taking special care that those pieces on which the triangulation- 
points are remain perfectly undisturbed. Small errors exist throughout 
the wholoj partly from the shrinking of the paper, partly from possible 
mistakes in the sarvey, and these errors must be so distributed over the 
whole surface that the unavoidable overlappings and intervals become 
the smallest possible. This requires continual fitting and adjasting; a 
work which demands considerable experience, accuracy, and skill. 

When at last all the piepea have been made to fit, they are glued to- 
gether, the sides are drawn at right angles, and the sheets are cut apart 
and frames glned to them. The skeleton-map is then ready, and con- 
tains, or should contain, all the outlines of the territory to be surveyed. 
It is then divided into working-sheets of suitable size, and each sheet is 
transferred to tracing-paper, from which the sketching, by means of 
tinted paper, is again printed on the paper on which the survey is to be 
made. 

Such has, up to the present time, been the method of constructing 
the skeleton-map. A different method will hereafter be adopted, since 
the government economy map-establishment has been, since 1873, 
placed under the command of the chief of the topographical division of 
the general staff. This map- establishment is preparing, with the ai<l of 
the locations of the topographical division, and with the same projec- 
tion method, a plane-map of the central and sonthern parts of the king- 
dom on the scale 1 : 20,000. In those parts of the country where the 
works of the economy map -establishment precede the military snr- 
vey OD the scale 3 .'50,000, the economy map will be reduced to said 
scale and the fleld-survey made on a copy of the same. {See further on 
in " the working method" on the scale of 1 : 50,000, and those works exe- 
cuted by the economy map-est-ablishment in the survey of the skeleton- 
map on the scale 1 : 20,000.) 

METHODS OF "WORKING IS THE D!I<'lfERBNT SCALES, 

In Sweden the following scales are used for different purposes: 
1 : 1,000,000 for the general staff; 1 1 200,000 for the " Lan" maps'; 1 ; 100,000 
for the special map ; 1 : 50,000 for the field-work of the special map, or 
the so-called concept-map; 1:20,000 for pass and position maps; 1: 10,000 
for more important passes and positions. For special purposes, surveys 
on still larger scales have been made, as 1 : 5,000 and 1 : 1,000, 

The work in the field for the military map was at first executed on 



Hosted by 



Google 



tlie scale 1 : 100,000, on which scale maps were made of the whole coast 
aud of a great part of Central Sweden, or the whole territory around 
and between the large lakes Wenner, Wetter, Hjelinar, and Mcelar, in 
all an area of about 160,000 square kilometers. During this work, the 
difficulty of producing a sufflciently accurate and complete map of a 
land like Sweden, with subdivisions into such small tracts, and with the 
field- sketching not made on a larger scale, was fully recognized. For 
thisreasoQthescalefor the field-survey was changed in 1844 to 1: 50,000, 
which has ever since been used for this purpose, and on this scale maps 
have been constructed of an area of about 65,0U0 square kilometers in 
the southern part of the country. 

The field-survey, for which the surveyors are divided into parties of 
8 to 10 ofiBcers, under the orders of a general-staff officer, ia executed 
with all the accuracy that the scale will admit of, 

On the scales 1 : 1,000 and 1 : 10,000 the smaller territories only are 
surveyed as cities, forts, and intrench ments, with their immediate sur- 
roundings, especially important passes and positions. 

If the territory to be delineated is large, so much so that its outline 
cannot be included on one working-sheet, (or plane-table,} then it may 
be expedient to begin the work with plane-tri angulation, which, if spe- 
cial accuracy ia required, is done with a theodolite. Skeleton- maps are 
never used for those scales, because the errors would, with a compara- 
tively slight reduction of possibly existing detail-maps on larger scales, 
be altogether too distioct and damaging io proportion to the accuracy 
demanded. For the larger scales, 1 : 1,000, 1 1 5,000, as a general thing, 
no detail-maps large enough are to be found which can be used for this 
purpose- 
All objects, natural and artificial, are sketched according to their real 
size and shape, and hence the map is a complete horizontal projection. 
Lines of communication of all kinds generaUy form exceptions to this. 
The relief of the ground in the territory is designated only by the pro- 
jections of equidistant horizontal contour-lines. The altitudes are reck- 
oned from the lowest point of the territory. The plane-survey and the 
contour- sketching are made separately. For sighting, the index-ruler is 
used. Distances are measured by chain, fathom-rod, or stadia, but 
never by stepping. All elevations are taken with the level, and only 
exceptionally, in dense woods or in otherwise unimportant places, with 
the level- mirror. 

The 8€<de 1 : 20,000.— This scale is in Sweden used principally for sur- 
veys of passes and battle-positions, (and is therefore commouly called 
tlie " position -scale,") or smaller parts of the country which for some 
reason or other may be of particular importance. On this scale also 
such works are drawn on the skeleton-map as are compiled for the use 
of the special map. The skeleton-map can also be advantageously used 
■on this scale if good land-surveyors' maps can be obtained. 

Spherical and plane triangulations are made in the usual order, 
depending on the size of the territory. Such work is of course always 
done on those economy maps which are prepared on this scale, and 
serve as a basis for the topographical works. Artificial objects are, as 
far as the scale admitsof, plotted to their real size and shape. Standard 
model-sketches show in what cases exceptions are permitted. The relief 
of the ground is generally represented by hachure-lines, which are 
sketched simultaneously with the plane-survey. Equidistant cnrves 
may also be used for this purpose ; in which case, however, the plane- 
survey ought to have preceded. 

Thic haehure-liries (the shortest slope-lines of the ground) are alto- 
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gether sketched by eye, and thos the " gradienter " gives the alope-anglea 
and the leveling-mirror informs of doubtful relative heights. The 
features of the ground are nest ascertained with the level, after which 
the map is finally redrawn. The result of the leveling ia thus regarded 
as decisive, and at the same time this manner of proceeding ettects a 
great saving of time, as the plane-survey and the relief-sketching can 
be done together. Besides, the best plan of leveling can be adopted, so 
that all necessary altitudes can be obtained In the easiest way. This 
could not otherwise possibly be done without the very roundabout way, 
which is, however, in principle the most correct, of first making a plane- 
survey of the ground, then working out the elevations, aud finally 
sketching in the relief by eye. The projections of the horizontal section- 
lines, if this expression may be used, are obtained by means of horizon- 
tal sights with the level and leveling-mirror, as has been described 
above. 

The setting up of the plane-table (orientation) should, wherever possi- 
ble, be done by sighting to known points. Horizontal angles are 
measured by the common iadex-ruler. Distances are measured by 
fathom-rod or stepping. 

The scale 1 : 50,000 is the preliminary scale for the special map which 
is prepared by the topographical division of the general staff on the 
following basis: The results of the geographical locations made by the 
topographical division of the general staff are delivered to a special 
skeleton-map establishment (Sweden's economy map-establishment) 
where they are used as bases for the economy map of the whole coun- 
try, on the scale of 1 :20,000, which is prepared by that establishment. 
This map, which contains all the ontlines, or the total result of the 
plane-survey, is retluced to the scale 1:5(1,000 by the pantograph, 
after which it is put together in rectangular sheets 594™™ in length, and 
445mm iu ^itith, four of which will thus make one whole sheet of the 
topographical atlas on the scale 1 : 100,000. Every such skeleton-map 
sheet is divided either by parish-limits, or by straight lines into sections 
of optional size and form, but calculated to furuisb work in the field for 
two or three weeks. These working-sheets are copied one by one on 
tracing-paper, after which they are, hy means of tinted paper, transferred 
to vellnm paper of the size decided on for the working-sheets. Skeleton- 
maps are also occasionally compiled by the topographical division in the 
manner previonsly described. 

On these working-sheets the field-work is done with the plane-table, 
(a compass being fitted into the board,} index-ruler, and stepping. The 
orientation is done by compass. Hills are represented byhachure-lines, 
and mountains by horizontal section-lines. Slope angles are estimated 
by eye or by the aid of a slope measurer, after which the drawing is. 
finished with pencil. 

During the progress of reconnaissance, data are collected for the de- 
Bcriptiou which every field-surveyor has to attach to his map. He car- 
ries for this purpose a note-book containing the columns marked in 
which the data are to be inserted, and the questions he has both to ask 
and to answer. This description contains all such strictly topographi- 
cal and military information as the map cannot give, chiefly concerning 
the passability of the ground, or its adaptability for the movements of 
troops, consequently the slopes of hills or mountains, the accessibility 
of valleys, the depth of marshes,, density of woods, crossing of water- 
courses, strength of bridges, condition of communication, routes, &c.j 
all according to fixed instructions. To the description belongs also a 
name- and dwelling-list, giving aa account of all inhabited localities 
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existiDg within the territory, Industrial enterprises, &c. The chief of a 
fleld-sarvey divisioa collects all these descriptioos and condenses them 
to parish and provincial descriptions, which are afterwards deposited in 
the war archives. 

The drawing in ink of the concept map progresses with the worli in 
the field. When all the working-eheeta are thus completed they are put 
together, the different field- surveyors paying particular attention to each 
other's limits to secure a perfect fit. 

Lakes and all large streams are tinted light bine before the working- 
sheets are delivered. After the concept sheet is put together, all wagon- 
roads, homesteads, and boundary-lines are also tinted with their 
respective colors. 

The finished concept-sheets are deposited in the war archives, where 
they are kept and photographed. Nest, the irregularities of the ground 
are examined, and the photographs serve to make up plans for the cheek 
as well as the detail leveling. 

All elevations are, as mentioned before, taken with the level. One 
or more check-lines are at first run through the territory, which is done 
with the utmost degree of accuracy. The same line is simultaneously 
examined by two persons, (each with his instrument,) who constantly 
compare notes with one another, and as soon as any noteworthy differ- 
ence appears they at once re-level that part of the line passed over 
since the last checking took place. In that way every error, even the 
smallest, is discovered, and thns can the final error for a line of 100 to 
150 kilometers be reduced to a mere trifle. On the check-line are estab- 
lished nnmerons bench-marks which are afterwards to form starting- 
points for the detail-lines. They are by preference chosen at or near by 
road- crossings, and are fully described in the notes, being placed on 
rocks or immovable stones, on the foundations of chnrch walls, stone 
bridges, or in other places where it can be assumed that they will remain 
uninjured by time or human hands. 

Errors are distributed for the cheek-lines separately, with the sea- 
level for starting and termination points. Thus the observations of the 
water-height which have been taken during a long succession of years 
several times a day, and are still made at certain light-bouses along the 
coast, serve to establish the mean water-level from which the elevations 
are reckoned. From these bench-marks starts the detail examination 
which forms a net of surveyed lines over the whole country, through 
which a perpetual control ot the accuracy of the survey is obtained. 
Only an error of 0.2 or 0.3 meters is allowed in the control survey, and 
if the excess is greater a resurvey is made. The distribution of errors 
takes place between the check-lines, through whose altitudes, which are as 
nearly as possible absolutely correct, values of tbe actual errors of the 
detail-lines are obtained. From these lines of the second order branch 
on each side numerous smaller ones for getting the elevations of isolated 
points, riinning streams, and other objects, which values are in their 
turn corrected alter all errors are distributed. 

To this esamination of ground irregularities great attention is paid 
in Sweden, as can be seen by a glance at the special map, where gen- 
erally all, even the smallest, waters are examined, and seldom any point 
of note ia left without an elevation figure. It is also performed with a 
considerable degree of accuracy. All these figares are put down on the 
concept-map on the scale 1 : 50000, which is now reduced to 1 : 100000, or 
the scale in which the atlas is published. The altitude figures serve 
now for connection and control in the reduction of the ground, which 
must of course agree with them. The reduction is made partly with a 
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pantograph (the contours) and partly by squares. The aiap is iiuislietl 
in indiaink, aud is colored like the concept. 

This reduction is a work which requires much experience and judg- 
ment, as will be easily seen when it is considered that there is only one- 
quarter of the space on the concept for representing the same thing. 
When, therefore, as is often the case, the concept-map is already over- 
loaded with objects, many of which cannot be shown on the reduced 
scale, a selection must be made and the itnportaut be set forth at the 
expense of the unimportant. 

One must exclude in one place and crowd together in another, but 
all this so that the main character of the map is not lost, and that the 
whole receives its proper appearance and size, though portions should 
here and there have to be somewhat deformed and altered. The eleva- 
tion figures demand also some change- All this requires more practice 
and discrimination than most other topographical work. 

The reason why this apparently unnecessary reduction is undertaken, 
is the great expense of the engraving of the map, which is drawn on 
copper, and which, on the scale 1 : 60000, would be nearly four times as 
expensive as on the scale 1 : 100000; besides, it would take four times 
lis long to complete it. 

EKGRAVING AND PUBLISniSG. 

Before 1S57 the map on the scale 1 : 100000 was kept secret. At 
first there were only hand-made copies of it, but in 1826 it was ordered 
that it should be engraved, the work to be done by officers of the topo- 
graphical corps, who, after taking the " service oath," were to be respon- 
■sible for the secrexiy of the map during the engraving, as well as during 
aud after the printing. It was engraved on copper, and, with the excep- 
tion of names, by etching. When the government in 1857, on the 
recommendation of the chief of the corps, permitted the publication of 
the map, there were 20 of those sheets engraved by etching, which 
were, on account of the age of the concept-map, regarded as not fi.t to 
be published, while 11 were published after having been previously 
tested in the field. 

The engraving of the later sheets is done with the graver by copper- 
engravers, some of whom are euiplojed in the corps, and.soaje work on 
contract. In this way 37 sheets have been engraved since 1857. 

The Swedish general staff intends in future to use, instead of copper 
engraving, the Austrian Mariotte's Heliography method, which has 
been purchased by the Swedish government. Experiments with it on 
a large scale ai'c at present in operation. 

In accordance with a royal order of 1833, the Herinelin Atlas was 
transferred from the land-survey office to the topographical corps, with 
instructions that the net income from the sale of the maps should be 
used for compiling "Mn?' *maps on a scale of 1 ; 200000. It had been 
the duty of the topographical corps since 1832 to compile as the mili- 
tary atlas was progressing, and with the use of the same as material, 
an atlas of the l^ns of Sweden, on the scale 1 : 200000, accompanied 
by statistical descriptions. Of this atlas maps of 10 l^us have been 
published since 1841, comprising 15 sheets, all engraved on copper 
with the graver. As the designation of the irregularities of the ground 
makes a map expensive, and by many buyers is regarded as valueless, 
it was excluded on the last map of " Caluiar 14u," issued on two sheets 
in 1871. 
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In tlie foilowitig yoar the govcrumeut ordered that the work on 
this atlas should be discontinue till further orders. 

A general map on a smaller scale should properly be the last link of 
all the above-mentioned works, and the need of it had so frequently 
shown itself that it was not thought advisable to wait until the comple- 
tion of the whole atlas. The general map of Sweden, on the scale of 
1 : 10(10000, has been in active preparation since 1866. It is to be pub- 
lished in three sheets, of which the southern has been obtainable since 
1870 at the book-stores. The two other sheets are in process of prep- 
aration. 

COST. 

Let me refer, concerning the cost, of the geodetic and topographical 
work executed in Sweden, to the attached table, which contains the 
total cost of these works, and also an account of the yearly expenses from 
1858 to 1874, inclusive. 

The same table shows that the yearly appropriation fro "n 1869 to 1874, 
inclusive, has been 60,000 Swedish crowns, or $16,000. The appropria- 
tion for the present year is the same ; but from and including the year 
187G it will be 75,000 Swedish crowns, or $20,000^ approximately. 

THE ECONOMY MAP ESTABLISHMENT OF SWEDEN. 

This establishment, the main object of which is to obtain an accurate 
knowledge of the area of the kingdom and of the economic condition 
and distribution of this area, was established iu 1859. The General 
Land Survey Oifice has had the superintendence of it up to 1873, when it 
was placed under the direction of the chief of the topographical divis- 
ion of the general staff. 

The Economy Map Establishment has ever since its organization been 
managed iu two divisions : one for the southern and central parts of the 
country and one for " Norrbotten lan," which, comprising the northmost 
part of the country, makes a special map-work necessary on account of 
its vast extent and its slight cultivation. The division first mentioned 
prepares its concept maps on the scale 1:20000. In "Horrbotten 
l^n," where the surveys have at the same time a topographical object, 
the scales 1 : 20000, 1 : 40000, and 1 : 50000 are used ; the last, how- 
ever, only iu " Lappmarken," 

Between 1860 and 1874, 26,850 square kilometers of Central Sweden 
have been surveyed and 70,800 square kilometers of Norrbotten l^n. 
The maps of Southern and Central Sweden arepubhshedby the "harad"" 
on the scale 1 : 50000. There are already published maps of the whole 
of Upsal and 5rebro l§,n, of some hSrads of the Great Copperbergs and 
Stockholm ISu, and of part of the province of East Gothland. Five 
" hSrad maps " of Norrbotteu l^n on the scale 1 : 100000 have been 
published. 

Although the surveys for the maps are carried on by appropriations 
from the government, their publication, as far as concerns the southern 
and central parts of the country, depends upon applications made by 
" economy societies " or communities, who then pay the expenses. 

The government appropriation for the coming year (1876) is 87,000 
crowns, ($23,200*,) of which 30,000 crowns ($8,000} ai-e for Norrbotten. 

Two ofQcers of the general staff are appointed to direct the work of 
the Economy Map Establishment. The force consists besides of 19 car- 
tographers and 11 persons who do the drawing, among whom are 8 
ladies. 
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The work done by tbia establishinent for the preparation of the skel- 
eton map, on the scales 1 : 20000 or 1 : 40000 may be divided into — 

a. Transferring of koviesteadmaps. — All recent land-surveyors' maps 
of homesteads, sitaateil in a locality where an economy map is to be 
made, (which locality is decided on by the chief of the topographical 
division of the general staff with a view to the requirements of the 
topographical work,} are transferred to the scale 1 : 20000. Lake charts 
are also transferred when they can be procured. This work is done 
during the winter. County- surveyors' maps which are missing are 
looked up in the county-surveyors' offices of the l^ns or at private farm- 
owners', and are transferred where found. 

6. Tke fleld-worh. — The plats thus obtained are compared by the sur- 
veyor with the corresponding objects in the field, and such changes as 
have occurred since the survey of the plats, as newly-broken lands, ad- 
ditional and removed Louses, drained lakes, morasses, and marshes, 
roads built or destroyed, &c., are ascertained and marked. Vnrious 
objects which are not distinctly marked on the common land-survey 
maps, as dwelling-houses, forest-roads, foliage, pine-woods, orchards, 
&c., are located and sketched in, so that the map becomes a perfect 
plane-image of the ground, with its artificial and natural objects, f'or 
this work is used either the common plane-table, with index-ruler, or the 
stadia. Those homesteads of which no land-survey map can be ob- 
tained, as well as places near the coast of which no reliable lake chart 
exists, are surveyed on the scale either of 1 : 20000 or of 1 : 8()00. In 
the latter case they are afterwards reduced to the scale 1 : 20000. In 
this survey the stadia is used after one or more base-lines Lave been 
first staked out and chained. Triangulation points, necessary for the 
putting together of the plats, are located on th« map. The conventional 
signs for diftferent objects are almost the same as those adopted for the 
topographical maps. The principal differences are that homestead lim- 
its are indicated, that dwelling houses are colored red, cultivated lands 
yellow, meadow green, marsh and morass brown. These latter are, be- 
sides, ruled with broken parallel lines of indiaink. 

c. The putting together of the maj). — In order to connect these revised 
and corrected copies and newly-surveyed maps satisfactorily, a secondary 
triangulation is needed, to furnish a sufficient number of base-points. 
This triangulation is, as stated before, executed by the topographical 
division of the general staff, as it is regarded necessary to have, if pos- 
sible, at least three points determined within every 100 square kilo- 
meters. 

The arrangement of the economy maps is made in conformity with that 
fixed for the topographical map of Sweden, in such a way that one sheet 
of this map on the scale 1: 100000 includes twenty-five sheets of the 
economy map on the scale 1 : 20000, each representing an area of 105.82 
square kilometers, and measuring 594""" in length by 445"" in width. 
For putting together the map, on a large table a net of rectangles is 
constructed of the size designed for the sheets. Within these rectangles 
the triangulation -points are plotted from their co-ordinates, calculated 
with reference to the sides of the said rectangles, after which the corre- 
spondiug located triangulation -points on the homestead-plats are fast- 
ened with needles directly over the located points. In the intervals be- 
tween the plats thus secured all the rest are fitted in the usual manner, 
so that they meet snug at the borders. When they are all fitted together 
properly they are fastened with month-glue, after which the map is cut 
into sheets. These sheets are now completed in what may be wanting 
in the drawing aud by naming all the objects on them. Each si 
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uarued after its most promiuent place, and retains also the name of tbe 
topographical sheet on the scale 1 : 100000, withiu which it is sitoated, 

d. Drawing up of descriptions. — All whole and fractional parishes on 
the sheet have their areas calculated and corrected : first, for the error 
caused by the shrinking of the sheet, and next for the inequality which 
arises between the total area of the parishes put together, and the area 
which the whole sheet should represent. Here it should be remarked 
that the stated area of 105.82 square kilometers on each sheet, which 
makes a part of the conical projection surface on which the triangulation 
net of the country is constructed, differs more or less in size at different 
degrees of latitude from the corresponding area on the ground, so that 
it must be reduced with the aid of a previously prepared reduction- 
table to the corresponding real area on the earth's surface. The areas 
of all entire homesteads and fractions of such, which are included on 
the sheet, are also calculated and corrected by the parish, so that the 
total area of the homesteads within each parish will be equal to the area of 
the same parish obtained in the manner above stated. The areas of the 
homesteads and parishes are computed partly with the circular plaoi- 
meter and partly with the polar planimeter. 

These statements are entered in the " li^rad descriptions," which con- 
tain besides the name and nature (fraisekrono or sbatte) of the home- 
steads and localities, and for each homestead the areas of lots, orchards, 
cultivated helds, meadow, timbered and cleared lands, roads, st«rile 
morasses, barren mountains, obstructions, lakes, water sources, &c., and 
notes on matters of special importance at each homestead. 

The economy and topographical mapping of Lappmarken, in the ISn 
of North Bothnia, on the scales 1 : 20000 and 1 : 50000, represents, for 
the most part, an entirely new survey of this part of the country, as the 
previously mside land-survey maps are quite scarce. As bases for this 
survey and mapping, the positions of a large number of points in the 
southern part of Lappmarken were determined astronomically in 1860, 
1861, and 1862, and a minute triangulation was executed in later years 
of the central and northern parts. 

Victor von Vegesack, 
Colonel on tM Gmet-al 8taf and Chief of its Topographical Division. 

Translated by G-. A. M. Liljencrantz. 
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NOTES AHU ESFLANATIUKS. 

1. Sweden is (lividod iDto three prinoipai parts, viz, S^en^Iaud, the central paifr 
Qotha-land, tie eoutbeca, aud Norr-land, t£e northera pai't of the countrj. 

2. " T.be rojal majeetj " is au esprcssion very commoulj used for " the govermneut,"' 
the state, the hisbest authority, or " the crown." 

3. "Hemmau" is apart of a parish, and maybe translated by the word "homesteafl," 

4. The SwedislL word "Kaitwerk" meaus both an atlas aad an establiahraent for 
makinji; maps. 

5. The kingdom is divided into 25 Ifras, each under the authority of a governor. 

6. This estimate is given in gold. It is ^ven in round numbers, as, aocordingto close 
calculation, 1,1X10 Swedish crowns =8268i gold. 

7. " Hiirad " is a subdivision of the " lB.n." 

8. Homesteads (hemmau) are of three kinds, "frtilse," "krono," and "skatte" hem- 
man, 'wliich names indicate, n^speotively, tas-l'ree, crown, (or government,) and tax- 



. . _ n (krona) is divided into one handred parts called ore. 

10. &, S, [or a) and (or 5) are the three last letters in the Swedisb alphabet, and are 
pronounced respectively as o iu for, a in cast, blast, and i infirst, bird.— [Tkakslatoij.T 

4 2. Notes on Topographical Maps op Sweden. 

The area of Sweden is 170,101 sqi^are miles. For admiuistrsitive pur- 
poses it is divided inlo tbree districts called "poiks;" these are sub- 
divided into IStis, which coiTespoud to oar counties, and the lans are 
divided into hftrads and sockens. 

There have been sent to this office for examination an index-sheet, on 
which there is also a table of conventional signs, several sheets showing 
the state of the triangolation, surveys, and pnblication at different dat«s : 
one sheet of a general chart of Sweden on a scale of 1 : 1000000 ; forty- 
eight sheets of the topographical map of Sweden on a scale of 1 : 100000 ; 
thirteen Ian-charts on a scale of 1 : 200000; and two harad charts, one on 
the scale of 1 ; 50000, and the other on that of 1 : 100000. 

THE GENERAL CHART. 

This is on a scale of 1 : 1000000, The projection is so made that the 
sheets can he joined together and monnted, making a single map. The 
lines representing the whole degrees of longitnde {reckoned from Stock- 
holm observatory) and of lapitnde are drawn, and the border is divided 
into 5' spaces. The lower Iwrder is further divided into spaces repre- 
senting the longitude east from Perro. In this map are shown, by the 
nsnal conventional signs, the water- courses, lakes, cities, towns, villages, 
castles, railroads, post-roads, iron and copper mines, and bonndary-lioes 
of the civil divisions. The water is colored blue, and the boundary- 
lines are shaded in different colors. The names of the civil divisions 
are not printed on the map proper, but the lans are numbered by the 
Boman notation, and the hiirads by the Arabic, and the names corre- 
sponding to these numbers are printed on the side of the sheet. The 
relief is shown by hachures, and by printing the exact altitudes of vari- 
ous points ou the map, 

THK TOPOGRAPHICAL CHART, 

The scale is 1 : 100000. This map is engraved on copper and is pub- 
lished iu reetaugHlar sheets, each of which represents au area of 59.4 by 
40.5 kilometers. The rectangles are formed by drawing lines parallel 
and perpendicular to the meridian, which is 5° west of Stockholm. 
This is taten as the central meridian in the projection of all the sheets. 
The rows of rectangles are numbered from the central meridian to the 
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■east and west, and trom the north to the Bonth, so that the position of 
the sheet is shown by printing on it the number of the row east or west 
in Roman numbers, that of the row from the north in Arabic numbers; e. 
S; "IV E. 31." The lines representing the parallels and meridians at dis- 
tances of 10' apart are drawn, and the border is further divided into 1' 
spaces. Scales of meters and Swedish miles are given. The sheets, which 
are clear and handsome, give a very detailed representation of the natural 
and artificial features of the country, showing by appropriate topo- 
graphical signs the water-conrses, canals, lakes, ponds, marshes, rail- 
roads, post-roads, common roads, bje-roads, stone bridges, wooden 
bridges, light-houses, . anchoring- grounds, cities, towns, villages, 
•churches, castles, mills, farm-houses, forests, woods; silver, copper, 
and iron mines, telegraph-lines, and the boundary- lines of the various 
divisions. The water and houndary lines are colored. The relief is 
shown by hachures, and by writing the heights of the prominent eleva- 
tions, and of numerous other points along the roads and streams. On 
the sea-coast there are also bydrographic charts, the depths being given 
for a distance of about one Swedish mile (6.65 English miles) from the 
^hore. The curves of 10, 20, and in some places of 35 and 30 feet depth, 
are drawn. Beyond these the depths are given in fathoms. 

hXead plaks. 

These are colored lithographs, and appear to be made for cadastral 
purposes, as property boundaries and the limits of cultivated, waste, 
and meadow-lands are shown; and each sheet contains a table giving 
the areas of the different classes of laud and of the water in each 
eoeken. The relief is not indicated nor are soundings given ; otherwise 
the plans show about the same features as the topographical charts. 

LAN MAPS. 

These maps, on a scale of 1 : 200,000, a.re engraved on copper. The 
water and boundary lines are colored. The harads are designated by 
jRoman numerals, and the corresponding names are found at the side 
■of the sheet. The principal features represented are the water-courses, 
lakes, marshes, cities, towns, villages, manor-houses, farm-houses, court- 
houses, mills, mines, railroads, turnpikes and common roads, canals, 
light-houses, triangulation-points, and anchorage- grounds. The relief 
is shown by hachures and by the written altitudes of a few points. At 
the sides of the sheets are engraved plans of the principal towns and the 
■country immediately surrounding them on a scale of 1 : 20,000. An index 
to the conventional signs employed is printed on each sheet. 

Oonipiled by Lieut. P. M. Price, United States Engineers. 

§ 3. Notes ok Norwegian Maps. 

Norway has an area of about 123,000 square miles. For administra- 
tion purposes it is divided into five stifteu or provinces, which are sub- 
■divided into 17 amts or counties. The smaller subdivisions in order of 
.size are fogdeir, praestegjelds or parishes, and anneks. Eight distinct 
.series of maps and charts are published. Of these there have been 
sent to this oflace for examination seven index and progress sheets, two 
of which show the primary and secondary triangles ; six sheets of the 
general chart of .Southern K'orway on a scale of 1 : 400000 ; 25 sheets of 
the amt charts ona scale of 1: 300000 j 12 sheets of the general topograph- 
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ical charte on a scale of 1 : 100000 ; five sheets of a general chart of the 
Norwegian coast on scales of 1 : 350O0Oaud 1 :800000 ; 13 sheetsof a second 
general chart of the coast on a scale of 1 : 200000 ; 11 sheets of a coast- 
chart showing', by colors, the character of the bottom, ou scales of 1 : 100000 
and 1 : 200000 ; 12 sheets of a special chart of the coftst oa a scale of 
1 : 100000 J and 18 sheets of a second special chart on a scale of 1 : 50000. 
Longitude on all the charts is reckoned from Christiana observatory, 
but the longitndes from Paris, Greenwich, and Ferro are shown on the 
borders of most of the charts. 

GENEEAI, CHAET OF SOUTHEKN NORWAY. 

The scale is 1 : 400000. The chart is published in rectangles, each of 
which represents an area of 16 by 13 Norwegian miles, (one Norwegian 
mile equal to 7.017 English miles.) The sheets are lithographs. The 
water is in bine, the roads and towns are in red, and the boundary- liuea 
and contours in black. These are about the only features represented. 
The chart is published in two styles, the relief being shown in one series 
by coutonr-lines and by numbers giving the altil.udes of the most prom- 
inent elevations, and in the other brown shading is employed in addition 
to the above methods. 

TOPOGRAPHICAL OHABT. 

Thescale is 1 : 100000. This chart is also lithographed and published in 
rectangles, each of which represents an area of 4 by 3 Norwegian miles. 
The rectangles are numbered, and are also named from the principal 
town contained in each. The meridians and parallels at distauces of 10' 
apart are drawn, and the border is divided into 1' spaces. Scales of 
Norwegian and geographical miles and of feet and meters are given. 
The names of the adjoining rectangles are printed on the margin at the 
four sides. 

The sheets are accompanied by an index-chart, which also contains a 
table of the topographical signs employed. The charts are quite de- 
tailed, and in general give a clear representation of the country, although 
the large number of names written in the more thickly settled portions 
somewhat diminishes the distinctness. The charts show by appropriate 
topographical signs the boundary-lines of the various civil divisions, the 
cities, towns, villages, churches, manor and farm houses, fisheries, water, 
saw, and wind mills; iron, copper, silver, and glass works: manufactories, 
brick-kilns, drill-gronnds, trigonometrical points, post and common roads, 
I'ailroads, telegraph-lines, water-con rses, lakes, marshes, canals, light- 
houses, buoys, and anchoring-grounds. The water is colored blue. The 
relief is shown by horizontal curves 100 feet apart in vertical distance, 
and by numbers giving the absolute altitudes of various points, and in 
addition to these methods the hills are shaded in brown. The depths 
along the sea-coast are given in fathoms. 

AHT CHAE.TS. 

The scale is 1 : 200000. Some of these charts are copper engravings, 
others lithographs. 

The sheets are not of uniform size, one amt being in some cases 
represented on a single sheet, and in others ou two or more. They show 
about the same featnres as the topographical charts, bnt the names are 
not given with so much detail. The relief is shown by shaded con- 
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tour.". Plans of the larger cities, on a scale of 1 : 20000, are drawn at 
the sides of the sheets inside of the border. 

Each chart has printed upon it a table of altitudes, giving Uie heights 
of prominent points, lakes, &e. ; a table giving the areas in Norwegian 
miles of the civil divisions ; tables giving the parts of which the vari- 
ous civil and judicial districts are composed; and a table of conven- 
tional signs. 

SBA-COAST CHARTS. 

There are five series of these : 

1st. These are charts of the sea-banks along tlie Korwegisin coast, on 
scales of 1 : 100000 and 1 : 200000. The form of the bottom is shown by 
contour lines 10 feet apart, and the character of the bottom by different 
colors and signs, indicating fine sand, sand, gravel, clay, stones, rock, 
&c. The contours and colors are not carried to the shore, but extend 
from a distance of J to 1 TTorwegian mile from the shore outwards. 
Depths from these points to the shore and intermediate depths are 
shown by figures. The land is indicated by parallel black lines drawn 
very close to each other, and the only topographical features shown are 
the towns and hamlets on the sea-shore, a few of the prominent hills, 
and the light-houses. A representation of the card of the mariners'' 
compass, showing the directions of the 33 points, reckoned from the- 
magnetic meridian, is given on each chart. 

A sheet showing the profiles of the bottom between various points- 
accompanies this series. 

2d. The remaining four series of charts consist of two series, A and 
B, of general charts, tne first on scales of 1 : 350000 and 1:800000, the 
second on a scale of 1 : 200000 ; and of two series, A and B, of special 
charts, the first on a scale of 1: 100000; and the second on a scale of 
1 : 50000. The two last series had not been completed in 1872. These 
are all sailing-charts, and present the same general features, differing 
from each other mainly in greater clearness and amount of detail of 
those on the larger scales, so that a general description will apply to 
all. A detailed description of each series would necessitate describing 
separately nearly every sheet, as a uniform system of publication does 
not seem to have been adopted, even for charts of the same series. The 
larger number of the charts are engraved, the rest are lithographs. 

In general the topographical features of but a narrow strip along the 
shore are represented, and on many of the charts nothing is drawn but 
the shore-line, the towns and hamlets on it, and some of the prominent 
hills, and light-houses. The soundings are given in fathoms. The 
character of the bottom is indicated by letters, and the positions of 
biioys, sunken rocks, and shoals are shown by conventional signs. On 
most of the sheets elevations of the light-houses are drawn, and on 
many of them sketches showing the appearance of the shore from the 
sea. The deviation of the needle at various points is given, and at most 
of them a diagram is drawn, showing the directions of the 32 points of 
the compass, taking into account this deviation. ■" 

Circles are drawn with the light-houses as centers, showing the limits 
of visibility of the light, and the characters of the lights are either 
written along the circumferences of these circles, or on some other part 
of the sheet. On many of the special charts sailing-directions are writ- 
ten, and the compass-bearings between different points given. 

Compiled by Lieut. P. M. Price, Corps of Engineers. 
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CHAPTER IX. 

§ 1, Notes on Topographioal Maps of Belgium. 

Two sheete furnished for esamicatioi]. Scale of the published maps, 
1 : 40000 ; size of slieets, 31J by 19 J inches ; area represented on each 
sheet, 33,000 meters east aud west by 20,000 meters north and south. 
The work ia engraved on copper. Meridians and parallels are drawn 
for every 5' of arc, and the exact latitude and longitude of the corners 
(N. E., N. W., 8. E., S. W.) of the area represented are given on each 
sheet. The sheets are numbered and named at top, the name being 
that of the most prominent town or villase represented. The number 
serves to locate the sheet in connection with the adjoining sheets, as in- 
dicated by a diagram giving the numbers of the maps of the adjacent 
territory. 

Meter, league, and marine-league scales are given at bottom of the 
sheet. Coutoors are drawn for every 5™ of elevation, and the heights 
of prominent points are given in meters. 

Railroads, common roads, by-wayS, and paths, streams, cultivation, 
forests, woods, quarries, bridges, and isolated houses are indicated. 

The positions of trlangulation-stations and bench-marks are also given. 

The nomenclature is detailed, giving names of roads and rail- 
roads, of streams, villages, and detached houses. Water is indicated by 
lines of shading, not by colors. Numerous conventional signs are used 
to indicate trees, forests, cultivation, battle-fields, &c. 

Authorities. — Two Belgian maps. 

Compiled by n M, Adams, captain of engineers. 
7es 
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